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2. This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 37L 



3. 



La. 



KJ This express request to begin national examination procedures (35 U.S.C. 37i(f)) at any time rather than delay 

examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39 (1). 
^ The US has been elected by the expiration of 19 months from the priority date (Article 31). 
3 A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 

a. CH is transmitted herewith (required only if not transmitted by the International Bureau). 

b. ^3 has been transmitted by the International Bureau. WO 01/14447 

c. is not required, as the application was filed in the United States Receiving Office (RO/US). 
1^ An English language translation of the Intemational Application as filed (35 U.S.C. 371(c)(2)). 
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b. has been previously submitted under 35 U.S.C. 154(d)(4) 
3 Amendments to the claims of the Intemational Application under PCT Article 19 (35 U.S.C. 371(c)(3)). 

are transmitted herewith (required only if not transmitted by the Intemational Bureau). 

b. have been transmitted by the Intemational Bureau. 
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d. ^3 i^ave not been made and will not be made. 
I I An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
^ An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 
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J (35 U.S.C. 371(c)(5)), 
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11. Q An Information Disclosure Statement under 37 CFR 1.97 and 1.98, Form PTO-1449(s), and International Search Report 

(PCT/ISA/210) with 0 cited document(s). 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 
A FIRST preliminary amendment. 

14. Q A SECOND or SUBSEQUENT preliminary amendment. 

15. A substitute specification. 

16. A change of power of attorney and/or address letter. 

17. n A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1.821-1.825. 

18. A second copy of the published intemational application under 35 U.S.C. 154(d)(4). 
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Neither international preliminary examination fee (37 CFR 1.482) 
nor international search fee (37 CFR L445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1,040.00 

ft 

International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $890.00 

International preliminary examination fee (37 CFR 1.482) not paid to USPTO 

but international search fee (37 CFR 1 .445(a)(2)) paid to USPTO $740.00 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $710.00 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 


CALCULATIONS PTO USE ONLY 




$ 890.00 
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cSonths from the earliest claimed priority date (37 CFR 1.492(e)). 
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$ 0 




OJidependent Claims 
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0 


X $84.00 


$ 0 




iiltJLTIPLE DEPENDENT CLAIM(S) (if appKcable] 


) None 


+ $280.00 


$ 0 




TOTAL OF ABOVE CALCULATIONS = 


$ 890.00 




Applicant claims small entity status. See 37 CFR 1 .27. The fees indicated above are 
p5 reduced by 1/2. 
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I SUBTOTAL = 


$ 890.00 




rFrocessing fee of $130.00 for furnishing the English translation later than [I]20 FlSO 
^^jnonths from the earliest claimed priority date (37 CFR 1 .492(f)). + 


S 0 




TOTAL NATIONAL FEE = 


$ 890.00 




Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 


$ 40.00 




TOTAL FEES ENCLOSED = 


$ 930.00 






Amount to be: 
refunded 


$ 


charged 


$ 



a. 



A check in the amount of $ 930.00 to cover the above fees is enclosed. 



in the amount of $ 



to cover the above fees. 



b. IZI Please charge my Deposit Account. No. 

A duplicate copy of this sheet is enclosed. 

c. ^ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 02-2448 . 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 
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Birch, Stewart, Kolasch & Birch, LLP or Customer No. 2292 
P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 

Date: February 19, 2002 
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PATENT 
0216-0438P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 



Applicant : 



KATO, Kiyoo et al. 



Int ^1. Appl. No. : 



PCT/JPOO/05563 



Appl . No . : 



New 



Group : 



Filed: 



February 19, 2002 



Examiner : 



For: 



POLYETHER ESTER ELASTOMER 



PRELIMINARY AMENDMENT 



BOX PATENT APPLICATION 

Assistant Commissioner for Patents February 19, 2002 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above -identified 
application. 



IN THE SPECIFICATION; 

Please amend the specification as follows: 

Before line 1, insert --This application is the national 
phase under 35 U.S.C. § 371 of PCT International Application No. 
PCT/JPOO/05563 which has an International filing date of August 
18, 2000, which designated the United States of America.-- 
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Please replace the paragraph beginning on page 5, line 8 
with the following rewritten paragraph: 

--Columns: Shodex OH pak SB806M (two columns and Shodex 

OH pak SB802.5 (one column) (each 
manufactured and sold by Showa Denko K.K., 
Japan) : 

Please replace the paragraph beginning on page 31, line 6 to 
page 32, line 16 with the following rewritten paragraph: 

--A preferred PTMG used in the present invention as the 
long-chain diol component (C) has a number average molecular 
weight of from 700 to 3,000, a molecular weight distribution 
(Mw/Mn) of 1.75 or less, a content of high molecular weight PTMG 
molecules of from 2 to 5 % by weight, and a heteropolyacid 
content of from 10 to 900 ppb by weight. Following is a method 
for producing such a preferred PTMG from THF using a 
heteropolyacid catalyst. In a reaction system where water is 
present in an amount sufficient to form a THF organic phase and 
an aqueous THF/catalyst phase having a specific gravity of from 
1.8 to 2.3, the retention time (V/F) of THF is maintained within 
the range of from 0.5 to 20 hours, preferably from 0.7 to 15 
hours. When the V/P value is smaller than the above-mentioned 
range, the conversion of THF is likely to become low. On the 
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other hand, when the V/F value is larger than the above-mentioned 
range, the reaction time is likely to become long. With respect 
to the motive power (P/V) applied to the liquid in the reactor, 
the P/V value is maintained at 1.3 kW/m^ or more, preferably 1.6 
kw/m^, the agitation of the reaction system becomes 
unsatisfactory and the distribution of the diameters of the 
globules in the reaction system become broad. As a result, the 
molecular weight distribution of the produced PTMG becomes broad 
and the control of the molecular weight distribution of the PTMG 
becomes difficult. By appropriately controlling the V/F and P/V 
values in the above-mentioned method, it is also possible to 
obtain a PTMG having a number average molecular weight of more 
than 3,000 and less than or equal to 4,000, a molecular weight 
distribution of more than 1.75 and less than or equal to 2.0, and 
a content of high molecular weight PTMG molecules of more than 5 
% by weight and less than or equal to 10 % by weight. -- 

Please replace the paragraph beginning at page 40, line 1 to 
page 41, line 3 with the following rewritten paragraph: 

--Preferred examples of catalysts used for producing a 
polyether ester elastomer, that is, the catalysts which can be 
used for both the transestrerif ication or esterif ication reaction 
and the polycondensation reaction, include tetraalkyl titanates, 
such as tetra (isopropyly) titanate and tetra (n-butyl) titanate; a 
reaction product of such a tetraalkyl titanate and an alkylene 
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glycol; a partially hydrolyzed product of teraalkyl titanate; 
metal salts of titanium hexaalkoxide ; titanium carboxylates ; and 
titanium (Ti) -containing catalysts, such as a titanyl compound. 
In addition, catalysts other than mentioned above can also be 
used. Examples of other catalyst include monoalkyltin compounds, 
such as mono-n-butylmonohydroxytin oxide, mono-n-butyltin 
triacetate, mono-n-butyltin monoctylate and mono-n-butyline 
monoacetate; dialkyl (or diaryDtin compounds such as di-n- 
butyltine oxide, di-n-butyltin dioctylate; and metal catalysts or 
h metal oxide catalysts of Mg, Pb, Zr, Zn, Sb and the like. These 
i catalysts can be used individually or in a combination of two or 

Si s 

K more catalysts. Especially, when the above-mentioned catalysts 

hi are used individually, the use of tetralkytitanate or antimony 

O trioxide is preferred, and when the above-mentioned catalysts are 

|I used in combination, the combination of tetraalkytitanate and 

S magnesium acetate is preferred.-- 



S VP' 



Please replace the paragraph beginning on page 44 line 17 to 
page 45, line 15 with the following rewritten paragraph: 

--The polyether ester elastomer of the present invention may 
optionally contain various conventional additives depending on 
the intended use thereof. Specific examples of additives include 
fillers or reinforcing materials, such as kaolin, silica, mica, 
titanium dioxide, alumnia, calcium carbonate, calcium silicate, a 
clay, diatomaceous earth, asbestos, barium sulfate, aluminum 
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sulfate, calcium sulfate, basic magnesium carbonate, molybdenum 
disulfide, graphite, glass fibers and carbon fibers; lubricants 
or mold release agents, such as zinc stearate and bisamide 
stearate; dyes or pigments, such as carbon black, ultramarine, 
titanium oxide, zinc oxide, red oxide, Prussian blue, an azo 
pigment, a nitro pigment, a lake pigment and a phthalocyanine 
pigment; flame retardants, such as octobromodiphenyl and 
tetrabromobisphenol polycarbonate; hindered amine -type light 
stabilizers; UV light absorbers; foaming agents; thickening 
agents, such as an epoxy compound and an isocyanate compound and 
silicone oils and silicone resins. These additives may be added 
to the polyether ester elastomer of the present invention in an 
amount and by a method which are conventionally used in the 
production of additive-containing polyether ester elastomers. -- 

Please replace the paragraph beginning on page 50, line 17 
to page 51, line 15 with the following rewritten paragraph: 

--First, a heteropolyacid catalyst solution for use as a 
polymerization catalyst was produced as follows. A 2-liter 
reaction vessel was prepared, which is provided with a 3 -way cock 
having three respective ends, wherein each end has attached 
thereto a condenser and an eggplant type flask for collecting and 
storing distillate produced by the condenser, so that the 
contents of the reaction vessel can by distilled. The this 
prepared reaction vessel was used for producing a heteropolyacid 
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catalyst solution. 1 liter of tetrahydrofuran (THF) and 600 g of 
silicotungstic acid dodecahydrate were introduces into the 
reaction vessel in this order, and stirred at 60 °C, while 
continuously removing an azeotropic vapor of water and THF from 
the reaction vessel. The specific gravity of a solution being 
formed in the reaction vessel was periodically measured while 
feeding THF to the reaction vessel every 10 minutes so as to 
compensate for the total amount of water and THF removed from the 
reaction vessel. When the specific gravity of the solution 
became 2.07, the reaction was terminated to thereby obtain a 
catalyst solution having a specific gravity of 2.07, namely, a 
solution of heterpolyacid catalyst in a THF/water mixture. -- 



O Please replace the paragraph on page 55, line 13 to page 56, 

HI 

line 2 with the following rewritten paragraph: 



--A chromatogram of the produced PTMG which shows the 
molecular weight distribution of the PTMG is shown in Fig. 2. In 
Fig. 2, the abscissa shows the logarithm (log) of the molecular 
weight; the ordinate shows the weight % of component PTMG, 
molecule, bases on the total weight of all PTMG molecules; and 
the intersection of the vertical straight broken line and the 
abscissa shows the logarithm of the number average molecular 
weight. The area of a hatched portion shows the amoiant of the 
PTMG molecules having molecular weights (10,860 or more; log 
(molecular weight) = 4.04 or more), which are at least six times 
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as large as the number average molecular weight (Mn = 1,810; log 
Mn = 3.26) of all PTMG molecules. The ratio of the area of the 
hatched portion to the total area of the peak is 2.29 %.-- 

Please replace the paragraph beginning on page 56, line 12 
with the following rewritten paragraph: 



!. fa 



ry 
fy 



-Column: Shodex OH pak (manufactured and sold by Shows 

Denko K.K., Japan): 
SB 806 M (2 columns) 
SB 802.5 (1 column) -- 
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REMARKS 



The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

The specification has also been amended to more clearly 
explain the purpose of the application. No new matter has been 
added . 

Entry of the above amendments is earnestly solicited. An 
early and favorable first action on the merits is earnestly 
solicited. 

Attached hereto is a marked-up version of the changes made 
to the application by this Amendment. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




RCS/cqc 
0216-0438P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachment : 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 
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VT^PgrnM WTTW MapyTTvrn.q TO .qTTOW rHANnK.q MADE 



The paragraph beginning on page 5, line 8 has been amended 
as follows: 

Columns: Shodex OH [pack]pak SB806M (two columns and Shodex 
OH [pack]pak SB802.5 (one column) (each 
manufactured and sold by Showa Denko K.K., 
Japan) : 

The paragraph beginning on page 31, line 6 to page 32, line 
16 has been amended as follows: 

A preferred PTMG used in the present invention as the long- 
chain diol component (C) has a number average molecular weight of 
from 700 to 3,000, a molecular weight distribution (Mw/Mn) of 
1.75 or less, a content of high molecular weight PTMG molecules 
of from 2 to 5 % by weight, and a heteropolyacid content of freom 
10 to 900 ppb by weight. Following is a method for producing 
such a preferred PTMG from THF using a heteropolyacid catalyst. 
In a reaction system where water is present in an amount 
sufficient to form a THF organic phase and an aqueous 
THF/catalyst phase having a specific gravity of from 1.8 to 2.3, 
the retention time (V/F) of THF is maintained within the range of 
from 0.5 to 20 hours, preferably from 0.7 to 15 hours. When the 
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V/F value is smaller than the above-mentioned range, the 
conversion of THF is likely to become low. On the other hand, 
when the V/F value is larger than the above-mentioned range, the 
reaction time is likely to become long. With respect to the 
motive power (P/V) applied to the liquid in the reactor, the P/V 
value is maintained at 1.3 kW/m^ or more, preferably 1.6 kVI/xa, 
the agitation of the reaction system becomes unsatisfactory and 
the distribution of the diameters of the globules in the reaction 
system become broad. As a result, the molecular weight 
distribution of the produced PTMG becomes broad and the control 
of the molecular weight distribution of the PTMG becomes 
difficult. By appropriately controlling the V/F and P/V values 
in the above-mentioned method, it is also possible to obtain a 
PTMG having a number average molecular weight of more than 3,000 
and less than or equal to 4,000, a molecular weight distribution 
of more than 1.75 and less than or equal to 2.0, and a content of 
high molecular weight PTMG molecules of more than 5 % by weight 
and less than or equal to 10 % by weight. 

The paragraph beginning at page 40, line 1 to page 41, line 
3 has been amended as follows: 

Preferred examples of catalysts used for producing a 
polyether ester elastomer, that is, the catalysts which can be 
used for both the transestrerif ication or esterif ication reaction 
and the polycondensation reaction, include tetraalkyl titanates. 
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such as tetra(isopropyly) titanate and tetra (n-butyl) titanate; a 
reaction product of such a tetraalkyl titanate and an alkylene 
glycol; a partially hydrolyzed product of teraalkyl titanate; 
metal salts of titanium hexaalkoxide; [metal salts of titanium 
hexaalkoxide] titanium carboxylates ; and titanium (Ti) -containing 
catalysts, such as a titanyl compound. In addition, catalysts 
other than mentioned above can also be used. Examples of other 
catalyst include monoalkyltin compounds, such as mono-n- 
butylmonohydroxytin oxide, mono-n-butyltin triacetate, mono-n- 
butyltin monoctylate and mono-n-butyline monoacetate; dialkyl (or 
diaryDtin compounds such as di-n-butyltine oxide, di-n-butyltin 
dioctylate; and metal catalysts or metal oxide catalysts of Mg, 
Pb, Zr, Zn, Sb and the like. These catalysts can be used 
individually or in a combination of two or more catalysts. 
Especially, when the above-mentioned catalysts are used 
individually, the use of tetralkytitanate or antimony trioxide is 
preferred, and when the above-mentioned catalysts are used in 
combination, the combination of tetraalkytitanate and magnesium 
acetate is preferred. 

The paragraph beginning on page 44 line 17 to page 45, line 
15 has been amended as follows: 

The polyether ester elastomer of the present invention may 
optionally contain various conventional additives depending on 
the intended use thereof. Specific examples of additives include 
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fillers or reinforcing materials, such as kaolin, silica, mica, 
titanium dioxide, alumnia, calcium carbonate, calcium silicate, a 
clay, [kaolin] diatomaceous earth, asbestos, barium sulfate, 
aluminum sulfate, calcium sulfate, basic magnesium carbonate, 
molybdenum disulfide, graphite, glass fibers and carbon fibers; 
lubricants or mold release agents, such as zinc stearate and 
bisamide stearate; dyes or pigments, such as carbon black, 
ultramarine, titanium oxide, zinc oxide, red oxide, Prussian 
blue, an azo pigment, a nitro pigment, a lake pigment and a 
phthalocyanine pigment; flame retardants, such as 
octobromodiphenyl and tetrabromobisphenol polycarbonate; hindered 
amine -type light stabilizers; UV light absorbers; foaming agents; 
thickening agents, such as an epoxy compound and an isocyanate 
compound and silicone oils and silicone resins. These additives 
may be added to the polyether ester elastomer of the present 
invention in an amount and by a method which are conventionally 
used in the production of additive-containing polyether ester 
elastomers . 

The paragraph beginning on page 50, line 17 to page 51, line 
15 has been amended as follows: 



First, a heteropolyacid catalyst solution for use as a 
polymerization catalyst was produced as follows. A 2 -liter 
reaction vessel was prepared, which is provided with a 3 -way cock 
having three respective ends, wherein each end has attached 
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thereto a condenser and an eggplant type flask for collecting and 
storing distillate produced by the condenser, so that the 
contents of the reaction vessel can by distilled. The this 
prepared reaction vessel was used for producing a heteropolyacid 
catalyst solution. 1 liter of tetrahydrofuran (THF) and 600 g of 
silicotungstic acid dodecahydrate were introduces into the 
reaction vessel in this order, and stirred at 60°C, while 
continuously removing an azeotropic vapor of water and THF from 
the reaction vessel. The specific gravity of a solution being 
formed in the reaction vessel was periodically measured while 
feeding THF to the reaction vessel every 10 minutes so as to 
compensate for the total amount of water and THF removed from the 
reaction vessel. When the specific gravity of the solution 
became [2.1]2^J12, the reaction was terminated to thereby obtain a 
catalyst solution having a specific gravity of 2.07, namely, a 
solution of heterpolyacid catalyst in a THF/water mixture. -- 

Tthe paragraph on page 55, line 13 to page 56, line 2 has 
been amended as follows: 

A chromatogram of the produced PTMG which shows the 
molecular weight distribution of the PTMG is shown in Fig. 2. In 
Fig. 2, the abscissa shows the logarithm (log) of the molecular 
weight; the ordinate shows the weight % of component PTMG, 
molecule, bases on the total weight of all PTMG molecules; and 
the intersection of the vertical straight broken line and the 
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abscissa shows the logarithm of the number average molecular 
weight. The area of a hatched portion shows the amount of the 
PTMG molecules having molecular weights ( [Mw = ] 10,860 or more; 
1ng[Mw] fmnlfinnlar wg^ightl =4.04 or more) , which are at least six 
times as large as the number average molecular weight (Mn = 
1,810; log Mn = 3.26) of all PTMG molecules. The ratio of the 
area of the hatched portion to the total area of the peak is 2.29 
%. 



% The paragraph beginning on page 56, line 12 has been amended 

as follows: 

ff; Column: Shodex OH [pack]pak (manufactured and sold by 

Shows Denko K.K., Japan): 

fU SB 806 M (2 columns) 

□ SB 802.5 (1 column) 

M (Rev. 11/13/01) 
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TITLE OF THE INVENTION 



Polyether ester elastomer 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a polyether ester 
elastomer. More particularly, the present invention is 
concerned with a polyether ester elastomer comprising a 
copolymer of (A) at least one aromatic dicarboxylic 
acid or an ester-forming derivative thereof, (B) at 
least one diol selected from the group consisting of an 
aliphatic diol and an alicyclic diol, each having 2 to 
10 carbon atoms , and (C) a polyoxytetramethylene gly- 
col (PTMG) having a specific number average molecular 
weight, a specific molecular weight distribution, a 
specific content of high molecular weight PTMG mole- 
cules, and a specific heteropolyacid content, wherein 
the polyether ester elastomer contains PTMG units in an 
amount of from 10 to 90 % by weight, based on the 
weight of the polyether ester elastomer- The polyether 
ester elastomer of the present invention contains a 
soft segment composed of a specific PTMG having not on- 
ly a high heat resistance, but also a low viscosity. 
By virtue of the presence of such a soft segment, the 
polyether ester elastomer of the present invention not 



only is improved with respect to the properties essen- 
tially required for an elastomer, such as low- 
temperature characteristics, flexure resistance, abra- 
sive resistance and elastic recovery, but also has oth- 
er excellent properties, such as high mechanical 
strength and elongation, small permanent compression 
set, high softening temperature, excellent mold release 
characteristics exhibited during injection molding 
thereof, and no tack on the surface of the ultimate 
shaped articles, which have not been conventionally 
achieved in the art. 

Prior Art 

A theannoplastic polyether ester elastomer is a 
polyether ester block copolymer comprised mainly of 
polybutylene terephthalate (which forms a hard seg- 
ment) and polyoxytetramethylene glycol (which forms a 
soft segment), and exhibits rubber-like elasticity and 
weatherabiltiy . The fields in which the thermoplastic 
polyether ester elastomer is used have been increasing, 
and the thermoplastic polyether ester elastomer is now 
used in various fields, such as the fields related to 
electric and electronic parts, automobile parts, fibers 
and films. 

At present, polyoxytetramethylene glycol (PTMG) is 



widely used for forming a soft segment of a polyether 
ester elastomer. However, depending on the molecular 
weight and molecular weight distribution of the PTMG 
employed, the final polyether ester elastomer may have 
the following problem. Due to the linear structure 
possessed by the PTMG, the PTMG contained in the poly- 
ether ester elastomer may sometimes be crystallized at 
low temperatures and, thus, the properties (such as 
characteristics at low temperatures and elastic recov- 
ery) of the polyether ester elastomer become unsatis- 
factory depending on the conditions under which the 
polyether ester elastomer is used. In order to solve 
this problem, attempts have been made to produce a raw 
material PTMG having a narrower molecular weight dis- 
tribution (Mw/Mn) and a relatively low number average 
molecular weight (Mn) (see Unexamined Japanese Patent 
Application Laid-Open Specification Nos. 54-158497 and 
60-55027). 

As a conventional technique for obtaining a PTMG, 
a method disclosed in Unexamined Japanese Patent Appli- 
cation Laid-open Specification No, 59-215320 (corre- 
sponding to U.S. Patent No. 4,568,775) is known. Fur- 
ther, Unexamined Japanese Patent Application Laid-Open 
Specification No, 61-123626 (corresponding to U.S. Pat- 
ent No. 4,658,065) and Unexamined Japanese Patent Ap- 
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plication Laid-Open Specification No. 59-221326 (corre- 
sponding to U.S. Patent No. 4,568,775) have a descrip- 
tion concerning the molecular weight distributions of 
the produced PTMG's. With respect to the techniques 
for removing the oligomers contained in a PTMG, Unexam- 
ined Japanese Patent Application Laid-Open Specifica- 
tion No. 61-123629 (corresponding to U.S. Patent No. 
4,677,231) discloses a method in which a thin film 
evaporator is used, and Unexamined Japanese Patent Ap- 
plication Laid-open Specification No. 60-108424 dis- 
closes a method in which oligomers are separated from 
the PTMG by using water and an alcoholic solvent. In 
addition, with respect to the techniques for adjusting 
the content of a polymerization catalyst remaining in < 
PTMG, Unexamined Japanese Patent Application Laid-Open 
Specification Nos. 61-118420 and 61-115934 (both corre 
spending to U.S. Patent No. 4,677,231) disclose a meth 
od in which a hydrocarbon or a halogenated hydrocarbon 
as an organic solvent is added to a PTMG to thereby 
separate the residual catalyst therefrom; and Unexam- 
ined Japanese Patent Application Laid-Open Specifica- 
tion No. 61-123629 (corresponding to U.S. Patent No. 
4,677,231) discloses a method in which an adsorbent is 
used to remove the catalyst. 

The characteristics (such as molecular weight, mo 



lecular weight distribution, oligomer content and 
residual catalyst content) of the PTMG used as a raw 
material for a polyether ester elastomer are important 
factors which affect the quality of the final polyether 
ester elastomer. However, heretofore, no details are 
known in the art about how the characteristics of the 
PTMG influence the properties of the final polyether 
ester elastomer. In addition, no polyether ester elas- 
tomer are known, which have been adjusted, by strictly 
controlling the characteristics of the raw material 
PTMG, so as to have a good balance of various excellent 
properties . 

Nowadays, the polyether ester elastomer is an im- 
portant material which is used in a wide variety of 
fields, and the application field thereof is expected 
to become more extensive. Accordingly, there has al- 
ways been a demand for improvement in the quality of 
the polyether ester elastomer. Further, improvements 
in different properties of the polyether ester elas- 
tomer are, respectively, desired in different applica- 
tion fields. 

SUMMARY OF THE INVENTION 
In this situation, the present inventors have made 
extensive and intensive studies with a view toward de- 



veloping a novel polyether ester elastomer which has 
not only an improved rubber- like elasticity^ but also a 
good balance of various excellent properties. As a re- 
sult, it has unexpectedly been found that, when a poly- 
ether ester elastomer is produced by using a PTMG which 
has a specific molecular weight, a specific molecular 
weight distribution, a specific content of high molecu- 
lar weight PTMG molecules and a specific heteropolyacid 
content, and which has not only high heat resistance, 
but also low viscosity, the produced polyether ester 
elastomer not only is improved with respect to the 
properties essentially required for an elastomer, such 
as characteristics at low temperatures, flexure resis- 
tance, abrasive resistance and elastic recovery, but 
also has other excellent properties, such as high 
mechanical strength and elongation, small permanent 
compression set, high softening temperature, excellent 
mold release characteristics exhibited during injection 
molding thereof, and no tack on the surface of the ul- 
timate molded articles. Such properties have not been 
achieved in the art. The present invention has been 
completed, based on this novel finding. 

Accordingly, it is an object of the present inven- 
tion to provide a polyether ester elastomer which has a 
good balance of various excellent properties . 



The foregoing and other objects, features and ad- 
vantages of the present invention will be apparent to 
those skilled in the art from the following detailed 
description and appended claims taken in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 is a schematic diagram showing the produc- 
tion system used in Reference Examples 1 to 4 for pro- 
ducing the specific PTMG used as a long chain diol com- 
ponent of the polyether ester elastomer of the present 
invention; and 

Fig. 2 is a chromatogram of the PTMG produced in 
Reference Example 1 which shows the molecular weight 
distribution of the PTMG, wherein the abscissa shows 
the logarithm (log) of the molecular weight, the ordi- 
nate shows the weight % of component PTMG molecules, 
based on the total weight of all PTMG molecules, the 
intersection of the vertical straight broken line and 
the abscissa shows the logarithm of the number average 
molecular weight, and the area of the hatched portion 
shows the amount of the PTMG molecules having molecular 
weights which are at least six times as large as the 
number average molecular weight of all PTMG molecules. 



8 



Description of Reference Numerals 

1 : stirrer 

2 : reactor 

3: water feeding tank 

4: first, phase- separation vessel 

5: distillation vessel 

6: second, phase -separation vessel 

7 : adsorption column 

8: distillation column 

9: third, phase -separation vessel 

10: vacuum distillation vessel 



DETAILED DESCRIPTION OF THE INVENTION 
According to the present Invention, there Is 
provided a polyether ester elastomer comprising a co- 
polymer of : 

(A) at least one aromatic dicarboxyllc acid or an 
ester-forming derivative thereof; 

(B) at least one diol selected from the group 
consisting of an aliphatic diol and an allcycllc diol, 
each having 2 to 10 carbon atoms; and 

(C) a polyoxytetramethylene glycol (PTMG) , 
wherein the polyether ester elastomer contains 

PTMG units in an amount of from 10 to 90 % by weight. 



based on the weight of the polyether ester elastomer, 

the PTMG having the following characteristics (1) 
to (4): 

(1) a number average molecular weight of from 500 
to 4,000; 

(2) a molecular weight distribution of 2.0 or less 
in terms of the Mw/Mn ratio, wherein Mw represents the 
weight average molecular weight of PTMG and Mn repre- 
sents the number average molecular weight of PTMG; 

(3) a content of high molecular weight PTMG mo- 
lecules of 10 % by weight or less, based on the total 
weight of all PTMG molecules, wherein the high molecu- 
lar weight PTMG molecules are defined as PTMG molecules 
having molecular weights which are at least six times 
as large as the number average molecular weight of all 
PTMG molecules; and 

(4) a heteropolyacid content of from 10 to 900 ppb 
by weight. 

For easy understanding of the present invention, 
the essential features and various embodiments of the 
present invention are enumerated below. 

1. A polyether ester elastomer comprising a copolymer 
of: 
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(A) at least one aromatic dicarboxylic acid or an 
ester -forming derivative thereof; 

(B) at least one diol selected from the group 
consisting of an aliphatic diol and an alicyclic diol, 
each having 2 to 10 carbon atoms; and 

(C) a polyoxytetramethylene glycol (PTMG), 
wherein the polyether ester elastomer contains 

PTMG units in an amount of from 10 to 90 % by weight, 
based on the weight of the polyether ester elastomer, 

the PTMG having the following characteristics (1) 
to (4) : 

(1) a number average molecular weight of from 500 
to 4,000; 

(2) a molecular weight distribution of 2.0 or less 
in terms of the Mw/Mn ratio, wherein Mw represents the 
weight average molecular weight of PTMG and Mn repre- 
sents the number average molecular weight of PTMG; 

(3) a content of high molecular weight PTMG mo- 
lecules of 10 % by weight or less, based on the total 
weight of all PTMG molecules, wherein the high molecu- 
lar weight PTMG molecules are defined as PTMG molecules 
having molecular weights which are at least six times 
as large as the number average molecular weight of all 
PTMG molecules; and 

(4) a heteropolyacid content of from 10 to 900 ppb 
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by weight . 

2 . The polyether ester elastomer according to Item 1 
above, wherein the number average molecular weight of 
the PTMG Is 700 to 3,000, 

3. The polyether ester elastomer according to Item 1 
above, wherein the molecular weight distribution of the 
PTMG is not more than 1.75. 

4 . The polyether ester elastomer according to item 1 
above, wherein the content of high molecular weight 
PTMG molecules is 2 to 5 % by weight. 

5. The polyether ester elastomer according to item 1 
above, wherein the heteropolyacid content of the PTMG 
is 10 to 500 ppb by weight. 

Hereinbelow, the present invention will be de- 
scribed in detail. 

As mentioned in detail below, the polyether ester 
elastomer of the present invention comprises a hard 
segment composed of a short-chain polyester and a soft 
segment composed of a long-chain polyester. The hard 
segment is obtained from an aromatic dicarboxylic acid 
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and a short-chain diol, and the soft segment is ob- 
tained from an aromatic dicarboxylic acid and a PTMG. 

The polyether ester elastomer of the present in- 
vention comprises a copolymer of an aromatic dicarbox- 
ylic acid component (A) which is at least one aromatic 
dicarboxylic acid or an ester- forming derivative 
thereof, a short -chain diol component (B) which is at 
least one diol selected from the group consisting of an 
aliphatic diol and an alicyclic diol, each having 2 to 
10 carbon atoms, and a long-chain diol component (C) 
which is a polyoxytetramethylene glycol (PTMG). 

The aromatic dicarboxylic acid component (A) of 
the polyether ester elastomer of the present invention 
is at least one aromatic dicarboxylic acid or an ester- 
forming derivative thereof. An ester- forming deriva- 
tive" of an aromatic dicarboxylic acid means an ester 
of an aromatic dicarboxylic acid. In general, during 
the production of the polyether ester elastomer, a 
polyesterif ication in many cases is conducted by a 
transesterification reaction and, thus, any aromatic 
dicarboxylic acid derivatives which form esters by a 
transesterification reaction can be incorporated into 
the polyether ester elastomer of the present invention 
as aromatic dicarboxylic acid ester units. 

Specific examples of aromatic dicarboxylic acids 
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include terephthalic acid, isophthalic acid, phthalic 
acid, naphthalene -2, 6 -dicarboxylic acid, naphthalene- 
2,7-dicarboxylic acid, diphenYl-4,4 ' -dicarboxylic acid, 
4,4 ' -diphenoxyethanedicarboxylic acid and 5-sulfoiso- 
phthalic acid. Examples of ester-forming derivatives 
of an aromatic dicarboxylic acid include dimethyl tere- 
phthalate, dimethyl isophthalate, dimethyl phthalate, 
diethyl terephthalate, dimethyl isophthalate, diethyl 
phthalate, di-n-propyl terephthalate, di-n-propyl iso- 
phthalate, di-n-propyl phthalate, diisopropyl tere- 
phthalate, di-n-butyl terephthalate, di-sec-butyl tere- 
phthalate, di-t-butyl terephthalate, diheptyl tere- 
phthalate, di-2-ethylhexyl terephthalate, diisononyl 
terephthalate, diisodecyl terephthalate, butylbenzyl 
terephthalate, dicyclohexyl terephthalate, dimethyl 
2 , 6 -naphthalenecarboxylate , diethyl 2 , 6 -naphthalene - 
dicarboxylate , dimethyl 2 , 7 -naphthalenedicarboxylate , 
diethyl 2 , 7-naphthalenedicarboxylate, dimethyl di- 
phenyl-4 , 4 ' -dicarboxylate, diethyl diphenyl-4 , 4 ' -di- 
carboxylate, dimethyl diphenoxyethanedicarboxylate and 
diethyl diphenoxyethanedicarboxylate. As the aromatic 
dicarboxylic acid component (A) , the above-mentioned 
dicarboxylic acids and ester-forming derivatives there- 
of can be used individually or in combination. Of the 
above compounds usable as component (A) , preferred are 
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terephthalic acid, isophthalic acid, naphthalene -2, 6- 
dicarboxylic acid, dimethyl terephthalate and diethyl 
terephthalate . 

In the present invention, the aromatic dicarboxyl- 
ic acid component (A) may further comprise a non- 
aromatic dicarboxylic acid, such as an alicyclic or 
aliphatic dicarboxylic acid, and an ester-forming de- 
rivative thereof. Specific examples of non-aromatic 
dicarboxylic acids and ester- forming derivatives there- 
of include alicyclic dicarboxylic acids, such as 1,4- 
cyclohexanedicarboxylic acid; aliphatic dicarboxylic 
acids, such as succinic acid, oxalic acid, adipic acid, 
sebacic acid, dodecanoic diacid and a dimer acid; and 
ester-forming derivatives thereof. When the aromatic 
dicarboxylic acid component (A) comprises an alicyclic 
or aliphatic dicarboxylic acid, the amount of the ali- 
cyclic or aliphatic dicarboxylic acid is preferably not 
more than 15 mol %, based on the molar amount of the 
aromatic dicarboxylic acid component (A) . 

The short -chain diol component (B) of the poly- 
ether ester elastomer of the present invention is at 
least one diol selected from the group consisting of an 
aliphatic diol and an alicyclic diol, each having 2 to 
10 carbon atoms. The molecular weight of the short- 
chain diol component (B) used in the present invention 
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is preferably not more than 300. Examples of the 
above-mentioned diols include aliphatic diols, such as 
ethylene glycol^ 1 , 3-propylenediol, 1 , 4-butanediol, 
pentamethylene glycol, hexamethylene glycol, neopentyl 
glycol and decamethylene glycol; and alicyclic diols, 
such as 1 , 1-cyclohexanedimethanol, 1 , 4-cyclohexane- 
dimethanol and tricyclodecanedimethanol . As the short - 
chain diol component (B), the above-mentioned short- 
chain diols can be used individually or in combination 
of two or more compounds. Of the above -exemplified di- 
ols usable as the short-chain diol component (B), 
preferred are ethylene glycol and 1 , 4-butanediol. 

In the present invention, the short chain diol com- 
ponent (B) may further comprise an aromatic diol. 
Specific examples of aromatic diols include xylylene 
glycol , bis (p-hydroxyphenyl) methane, bis (p -hydroxy- 
phenyl ) propane , 2,2 -bis [ 4 - ( 2 -hydroxyethoxy ) phenyl ] pro - 
pane, bis [4- (2 -hydroxyethoxy) phenyl ]sulf one and 1,1- 
bis [ 4 - ( 2 -hydroxyethoxy ) phenyl ] cyclohexane . When the 
short -chain diol component (B) comprises an aromatic 
diol, the amount of the aromatic diol is preferably not 
more than 15 mol %, based on the molar amount of the 
short -chain diol component (B) . 

In the polyether ester elastomer of the present 
invention, the aromatic dicarboxylic acid component (A) 
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and the short -chain diol component (B) in combination 
constitute a hard segment, that is, a short-chain poly- 
ester. With respect to the ratio of the aromatic di- 
carboxylic acid component (A) and the short -chain diol 
component (B) which are used in the production of the 
polyether ester elastomer of the present invention, the 
short -chain diol component (B) is preferably used in an 
amount of 1.2 to 2.5 mol , more preferably 1.5 to 2.2 
mol, per mol of the aromatic dicarboxylic acid compo- 
nent (A) . 

A preferred combination of the aromatic dicar- 
boxylic acid component (A) and the short -chain diol 
component (B) for producing the polyether ester elasto- 
mer of the present invention is a combination of tere- 
phthalic acid, dimethyl terephthalate or diethyl tere- 
phthalate with ethylene glycol or 1 , 4-butanediol (that 
is, a combination to form polyethylene terephthalate or 
polybutylene terephthalate as a hard segment), and a 
more preferred combination is a combination to form 
polybutylene terephthalate as a hard segment. Poly- 
butylene terephthalate has a high crystallization rate 
and excellent moldability and, hence, a polyether ester 
elastomer containing a hard segment composed of poly- 
butylene terephthalate exhibits a good balance of ex- 
cellent properties in respect of, for example, rubber- 
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like elasticity, mechanical properties^ heat resistance 
and chemical resistance. 

The long-chain diol component (C) of the polyether 
ester elastomer of the present invention is a polyoxy- 
tetramethylene glycol (hereinafter, frequently referred 
to as "PTMG"), The PTMG used in the present invention 
is a diol obtained by subjecting tetrahydrofuran to 
ring- opening polymerization in the presence of a 
heteropolyacid catalyst. Illustratively stated, the 
PTMG is a mixture of polymer chains each independently 
represented by the following formula (1): 

H "-e-0-CH2CH2CH2CH2 ^^OH ( i ) 

wherein, n is independently an integer of 
from 2 to 4,000, preferably from 2 to 2,100. 
It should be noted that there is no need for the PTMG 
molecules to have all molecular weights in the range of 
from 2 to 4,000 in terms of the value of n. 

The PTMG used as the long-chain diol component (C) 
in the present invention is a PTMG having the following 
characteristics ( 1 ) to ( 4 ) : 

(1) a number average molecular weight of from 500 
to 4,000; 

(2) a molecular weight distribution of 2.0 or less 
in terms of the Mw/Mn ratio, wherein Mw represents the 
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weight average molecular weight of PTMG and Mn repre- 
sents the number average molecular weight of PTMG; 

(3) a content of high molecular weight PTMG mo- 
lecules of 10 % by weight or less, based on the total 
weight of all PTMG molecules, wherein the high molecu- 
lar weight PTMG molecules are defined as PTMG molecules 
having molecular weights which are at least six times 
as large as the number average molecular weight of all 
PTMG molecules; and 

(4) a heteropolyacid content of from 10 to 900 ppb 
by weight . 

The long-chain diol component (C) is a component 
which constitutes the soft segment of the polyether es- 
ter elastomer, namely the long-chain polyester. In the 
present invention, it is important that the PTMG which 
constitutes the soft segment has the above-mentioned 
specific number average molecular weight, specific mo- 
lecular weight distribution, specific content of high 
molecular weight PTMG molecules and specific hetero- 
polyacid content, and exhibits not only high heat re- 
sistance, but also low viscosity. When a polyether es- 
ter elastomer is produced using such a PTMG, the poly- 
ether ester elastomer exhibits a good balance of 
greatly improved properties as compared to that of a 
polyether ester elastomer produced using a conventional 



PTMG. Illustratively stated, such a polyether ester 
elastomer exhibits high elasticity and elastic recovery, 
low permanent compression set, excellent low- 
temperature characteristics and mold release character- 
istics, as compared to those of the conventional poly- 
ether ester elastomer. Further, when a shaped article 
is produced from the polyether ester elastomer of the 
present invention, there is no tack on the surface of 
the produced shaped articles. 

The number average molecular weight of the PTMG 
used in the present invention is in the range of from 
500 to 4,000, preferably from 700 to 3,000, more pref- 
erably 800 to 2,500. The number average molecular 
weight of the PTMG can be determined, for example, by 
gel permeation chromatography (GPC) or by a terminal 
titration method (a method which comprises acetylating 
the terminals of a PTMG using acetic anhydride, decom- 
posing the unreacted acetic anhydride into acetic acid, 
measuring the OH value of the acetylated PTMG by rever- 
se titration using an alkali, and determining the num- 
ber average molecular weight of the PTMG from the OH 
value) . In preferred examples of the present invention, 
however, not only the number average molecular weight 
of the PTMG but also the molecular weight distribution 
and the content of high molecular weight PTMG molecules 
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are determined by GPC. Illustratively stated, the GPC 
Is conducted under the following conditions: 

Apparatus: Shodex GPC system- 11 (manufactured and 

sold by Showa Denko K. K. , Japan); 
Columns: Shodex OH pack SB806M (two columns) and 

Shodex OH pack SB802.5 (one column) (each 
manufactured and sold by Showa Denko K. K, 
Japan ) ; 

Detector: Differential refract oraeter; 
Temperature : 6 0 ** C ; 

Carrier: 0.02 mol/liter solution of LiBr in 

dime thy lacetamide ; 
Flow rate of the carrier: 1.0 ml/min; 
Sample: 100 pil of 0.8% PTMG solution in the 

carrier ; and 
Molecular weight standards: PTMG, Mn = 547,000 
(Mw/Mn = 1.35), Mn = 283,000 (Mw/Mn = 1.08), Mn = 
99,000 (Mw/Mn = 1.08), Mn = 67,000 (Mw/Mn = 1.04), 
Mn = 35,500 (Mw/Mn = 1.06), Mn = 15,000 (Mw/Mn = 
1.09), Mn = 6,700 (Mw/Mn = 1.13), Mn = 2,170 (Mw/Mn 
1.12), Mn = 1,300 (Mw/Mn = 1.12), Mn = 650 (Mw/Mn 
= 1.18), and THF monomer. 

When the number average molecular weight of the 
PTMG is less than 500, depending on the hard seg- 
ment/soft segment weight ratio of the polyether ester 
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elastomer, the average chain length of the short-chain 
polyester (hard segment) becomes smaller, thereby lead- 
ing to a marked lowering of the melting point of the 
polyether ester elastomer. Accordingly, the heat re- 
sistance of the polyether ester elastomer becomes too 
low. On the other hand, when the number average mo- 
lecular weight of the PTMG is higher than 4,000, the 
terminal group concentration per unit weight of the 
PTMG becomes low, so that the polymerization of the 
PTMG with other components for the polyether ester 
elastomer becomes difficult. 

The molecular weight distribution of the PTMG used 
in the present invention is 2.0 or less, preferably 
1.75 or less, more preferably 1.6 or less, and the low- 
er limit is preferably 1.5 or more. In the present in- 
vention, the molecular weight distribution is defined 
as the Mw/Mn ratio, wherein Mw represents the weight 
average molecular weight of the PTMG and Mn represents 
the number average molecular weight of the PTMG. The 
Mw and Mn values are determined by GPC. When a poly- 
ether ester elastomer is produced using a PTMG having a 
molecular weight distribution of more than 2.0, the 
mechanical properties of the produced polyether ester 
elastomer, such as strength and elongation, become un- 
satisfactory. Further, since the soft segment composed 
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of a PTMG having such a broad molecular weight dis- 
tribution inevitably contains a large amount of high 
molecular weight PTMG molecules, the soft segment is 
likely to be crystallized, thereby lowering the low- 
temperature characteristics of the polyether ester 
elastomer. Theoretically, the lower limit of the mo- 
lecular weight distribution is 1-0; however, in prac- 
tice, it is difficult to produce a PTMG having a mo- 
lecular weight distribution of less than 1.15. 

The PTMG used in the present invention has a con- 
tent of high molecular weight PTMG molecules of 10 % by 
weight or less, based on the total weight of all PTMG 
molecules. In the present invention, the "high molecu- 
lar weight PTMG molecules" are defined as PTMG molecu- 
les having molecular weights which are at least six 
times as large as the number average molecular weight 
of all PTMG molecules. The PTMG is a mixture of mole- 
cules (i.e., polymer chains) having different molecular 
weights . 

A PTMG molecule having a molecular weight which is 
more than six times the number average molecular weight 
of all PTMG molecules has a melting point which is at 
least twice as high as that of the mixture of all PTMG 
molecules. Accordingly, when a large amount of high 
molecular weight PTMG molecules is contained in the 
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PTMG, the high molecular weight PTMG molecules are 
likely to be crystallized and cause phase separation in 
the PTMG. In the present invention, the content of the 
high molecular weight PTMG molecules of the PTMG is de- 
termined by GPC under the above-mentioned conditions. 

In the PTMG used in the present invention, the 
content of high molecular weight PTMG molecules is 10 % 
by weight or less and, thus, the PTMG is in the form of 
a uniform PTMG mixture having a low viscosity. When 
such a PTMG is used in the polymerization reaction for 
producing a polyether ester elastomer, the PTMG is un- 
likely to cause a phase separation in the reaction sys- 
tem and a high polymerization rate can be achieved. In 
addition, the use of such a PTMG is also advantageous 
in that the obtained polyether ester elastomer exhibits 
excellent low- temperature characteristics and permanent 
compression set. The reason for this is considered to 
be due to the decrease in the amount of high molecular 
weight PTMG molecules which are easily crystallized, 
and therefore crystallization of the soft segment is 
suppressed to some extent. 

The high molecular weight PTMG molecules are con- 
sidered to improve the heat stability of the PTMG as a 
whole through interaction with low molecular weight 
PTMG molecules which have high heat decomposability . 
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Therefore, in the present invention, it is preferred 
that a small amount of high molecular weight PTMG mo- 
lecules is present in the PTMG used. Specifically, the 
content of the high molecular weight PTMG molecules is 
preferably in the range of from 2 to 8 % by weight, 
more preferably 2 to 5 % by weight, still more prefera- 
bly 2 to 3.5 % by weight, most preferably 2 to 3 % by 
weight. When the content of the high molecular weight 
PTMG molecules is less than 2 % by weight, the above- 
mentioned effect of the high molecular weight PTMG mo- 
lecules to improve heat resistance becomes unsatisfac- 
tory. 

The PTMG used in the present invention has a het- 
eropolyacid content of from 10 to 900 ppb by weight (1 

ppb by weight is 1 x 10""^), preferably from 20 to 500 
ppb by weight. As mentioned above, the PTMG is ob- 
tained by the ring- opening polymerization of a tetrahy 
drofuran in the presence of a heteropolyacid catalyst, 
and the heteropolyacid contained in the PTMG is the 
residual polymerization catalyst. 

A heteropolyacid is an acid obtained by the con- 
densation of an oxide of at least one metal species se 
lected from the group consisting of molybdenum (Mo) , 
tungsten (W) and vanadium (V) , and an oxyacid of at 
least one element other than mentioned above, such as 



25 

phosphorus (P), silicon (Si), arsenic (As), germanium 
(Ge)^ boron (B), titanium (Ti), cerium (Ce) , cobalt 
(Co) and niobium (Nb) . The atomic ratio of the metal 
species (any one or more of metals selected from the 
group consisting of Mo, W and V) contained in the het- 
eropolyacid to other elements in the heteropolyacid is 
2.5 to 12. 

The heteropolyacid contained in the PTMG may be in 
the form of a salt. Specific examples of heteropoly- 
acids include phosphomolybdic acid, phosphotungstic 
acid, phosphomolybdotungstic acid, phosphomolybdo- 
vanadic acid, phosphomolybdotungstovanadic acid, 
phosphotungstovanadic acid, phosphomolybdoniobic acid, 
silicotungstic acid, silicomolybdic acid, silicomoly- 
bdotungstic acid, silicomolybdotungstovanadic acid, 
germanotungstic acid, borotungstic acid, boromolybdic 
acid, boromolybdotungstic acid, boromolybdovanadic acid, 
boromolybdotungstovanadic acid, cobaltmolybdic acid, 
cobalttungstic acid, arsenomolybdic acid, arsenotung- 
stic acid, titanomolybdic acid and ceromolybdic acid, 
and metal salts thereof. 

The heteropolyacid content of the PTMG is defined 
as the total concentration of molybdenum, tungsten and 
vanadium (ions) which are present in the PTMG. The 
concentrations of molybdenum, tungsten and vanadium in 
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the PTMG are determined by ICP-Mass spectrometry. 

When the heteropolyacid content of the PTMG Is 
more than 900 ppb by weight, it becomes difficult to 
perform the copolymerlzation reaction for producing the 
polyether ester elastomer. Even when the copolymerlza- 
tion reaction is performed, the resultant polyether es- 
ter elastomer is likely to suffer discoloration. Fur- 
ther, the weatherability, light resistance, oxidation 
resistance and the like of ultimate shaped articles ob- 
tained from such a polyether ester elastomer become low. 
On the other hand, when the heteropolyacid content of 
the PTMG is less than 10 ppb by weight, the heat sta- 
bility of the PTMG becomes unsatisfactory, and the heat 
stability of the final polyether ester elastomer pro- 
duced using such a PTMG also becomes low. The reason 
for this is considered to be that the heteropolyacid 
contained in the PTMG stabilizes the free terminals of 
the polyether ester elastomer so as to improve the heat 
stability of the polyether ester elastomer. 

Hereinbelow, an explanation is made of one example 
of a method for producing the PTMG used in the present 
invention. 

The PTMG having the above-mentioned specific mo- 
lecular weight, specific molecular weight distribution 
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and specific content of high molecular weight PTMG mo- 
lecules can be synthesized in the following manner. 
The PTMG can be produced by conducting a continuous 
polymerization reaction in a two-phase system compris- 
ing a react ion -formed raw material tetrahydrofuran or- 
ganic phase containing a polymer and a react ion -formed 
aqueous tetrahydrof uran/heteropolyacid catalyst phase, 
while controlling the retention time and the retention 
time distribution of the monomer (tetrahydrofuran) in 
the catalyst phase so as to control the molecular 
weight distribution of the polymer (PTMG) • 

As an example of a preferred method for producing 
the PTMG used in the present invention, there can be 
mentioned a method which comprises a polymerization 
step (to perform a ring-opening polymerization of tet- 
rahydrofuran to produce the PTMG) conducted using a 
continuous reactor equipped with a stirrer, and a sub- 
sequent step for adjusting the residual heteropolyacid 
content of the produced PTMG. In the polymerization 
step for performing a ring-opening polymerization of 
tetrahydrofuran (hereinafter, referred to simply as 
^THF") in the presence of a heteropolyacid catalyst, 
the reaction system comprises the following two phases 
a raw material THF organic phase and an aqueous 
THF/heteropolyacid catalyst phase having a specific 
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gravity of from 1.8 to 2,3. The heteropolyacid is 
sparingly soluble in an anhydrous THF, but well soluble 
in a mixed solvent prepared by adding a small amount of 
water to THF. When a heteropolyacid solution having a 
specific gravity of from 1.8 to 2.3 which has been pre- 
pared by dissolving a heteropolyacid in the mixed sol- 
vent of water and THF is added to THF, the resultant 
reaction system separates into two phases, namely a THF 
organic phase and an aqueous THF/heteropolyacid cata- 
lyst phase (hereinafter, frequently referred to as 
"aqueous THF/catalyst phase" or simply as "catalyst 
phase"). The reason why such a reaction system is ob- 
tained is not fully elucidated, but considered to be 
that a small amount of water is coordinated to the het- 
eropolyacid. 

In the polymerization reaction performed in the 
above-mentioned reaction system comprising a THF or- 
ganic phase and an aqueous THF/catalyst phase, the mo- 
lecular weight distribution, especially the content of 
high molecular weight PTMG molecules, of the produced 
PTMG can be adjusted by appropriately controlling the 
rate (F) (m^/hour) of feeding THF to the reactor, the 
motive power (P) (kW) applied to the liquid in the re- 
actor, the volume (V) (m^) of the liquid in the reactor, 
and the amount of the heteropolyacid catalyst used. 
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The synthesis of PTMG is conducted by a reaction be- 
tween a react ion -formed THF organic phase containing a 
polymer and a reaction-formed aqueous THF/catalyst 
phase. The reaction system is an emulsion in which the 
react ion -formed THP organic phase and the reaction- 
formed aqueous THF/catalyst phase are mutually disper- 
sed in each other both in the form of globules. The 
polymerization of PTMG is considered to take place in 
the aqueous THF/catalyst phase. In accordance with the 
progress of the polymerization reaction, the PTMG dis- 
solved in the aqueous THF/catalyst phase is partitioned 
between the aqueous THF/catalyst phase and the THF or- 
ganic phase, and the state of partition reaches an 
equilibrium under the reaction conditions and becomes 
stationary. In such a reaction system, when the reten- 
tion time V/F (hr) of THF (raw material) in the reactor 
is increased, the retention time distribution of THF in 
the aqueous THF/catalyst phase becomes broad, and the 
amount of high molecular weight PTMG molecules in- 
creases . Contrary to the above , when the V/F value is 
decreased, the retention time distribution of THF in 
the aqueous THF/catalyst phase becomes narrow, and the 
amount of high molecular weight PTMG molecules de- 
creases. Further, when it is intended to control the 
molecular weight distribution of the PTMG without vary- 
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ing ttie niamber average molecular weight thereof, the 
amount of heteropolyacid catalyst may be adjusted in 
accordance with the variation of the V/F value so as to 
maintain at a constant value the average retention time 
of THF as viewed per equivalent of the catalyst. 

With respect to the motive power P/V (kW/m^) ap- 
plied to the liquid in the reactor, when the value of 
P/V is varied, the average particle diameters of glob- 
ules of the aqueous THF/catalyst phase and the THF or- 
ganic phase become varied. This variation in the aver- 
age particle diameters of the globules is considered to 
result in a variation in the area of contact between 
the aqueous THF/catalyst phase and the THF organic 
phase, as well as a variation in the frequency of the 
coalescence and redivision of the above-mentioned glob- 
ules, to thereby change the amounts of substances which 
are moving between the catalyst phase and the organic 
phase. Specifically, when the P/V value is increased, 
the amounts of substances which are moving between the 
catalyst phase and the organic phase become increased, 
and this increase causes the retention time of the THF 
monomer molecules in the catalyst phase to become uni- 
form. As a result, it is considered that the retention 
time distribution of THF in the catalyst phase becomes 
narrow and the number of high molecular weight PTMG mo- 
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lecules becomes decreased. Contrary to the above, the 
decrease in the P/V value causes the retention time 
distribution of THF in the catalyst phase to become 
broad and causes the number of high molecular weight 
PTMG molecules to become increased. 

A preferred PTMG used in the present invention as 
the long- chain diol component (C) has a number average 
molecular weight of from 700 to 3,000, a molecular 
weight distribution (Mw/Mn) of 1.75 or less, a content 
of high molecular weight PTMG molecules of from 2 to 
5 % by weight, and a heteropolyacid content of from 10 
to 900 ppb by weight. Following is a method for pro- 
ducing such a preferred PTMG from THF using a hetero- 
polyacid catalyst. In a reaction system where water is 
present in an amount sufficient to form a THF organic 
phase and an aqueous THF/catalyst phase having a speci- 
fic gravity of from 1.8 to 2.3, the retention time 
(V/F) of THF is maintained within the range of from 0.5 
to 20 hours, preferably from 0.7 to 15 hours. VHien the 
V/F value is smaller than the above-mentioned range, 
the conversion of THF is likely to become low. On the 
other hand, when the V/F value is larger than the 
above-mentioned range, the reaction time is likely to 
become long. With respect to the motive power (P/V) 
applied to the liquid in the reactor, the P/V value is 
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maintained at 1.3 kW/m^ or more, preferably 1.6 W/m^ or 
more. When the P/V value is smaller than 1.3 kW/m^, 
the agitation of the reaction system becomes unsatis- 
factory and the distribution of the diameters of the 
globules in the reaction system becomes broad. As a 
result, the molecular weight distribution of the pro- 
duced PTMG becomes broad and the control of the molecu- 
lar weight distribution of the PTMG becomes difficult. 
By appropriately controlling the V/F and P/V values in 
the above-mentioned method, it is also possible to ob- 
tain a PTMG having a nimber average molecular weight of 
more than 3,000 and less than or equal to 4,000, a mo- 
lecular weight distribution of more than 1.75 and less 
than or equal to 2.0, and a content of high molecular 
weight PTMG molecules of more than 5 % by weight and 
less than or equal to 10 % by weight. 

The heteropolyacid content of the thus obtained 
PTMG is adjusted to 10 to 900 ppb by weight to obtain 
the PTMG used in the present invention. The hetero- 
polyacid content can be adjusted by conventional meth- 
ods, such as a method disclosed in Unexamined Japanese 
Patent Application Laid-Open Specification Nos . 61- 
118420, 61-115934 and 61-123629 (each corresponding to 
U.S. Patent No. 4,677,231). However, it is preferred 
that the heteropolyacid content be adjusted by a method 
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which comprises, for example, the following steps ® to 
<D: 

® allowing the reaction mixture obtained in the 
polymerization step to stand still so as to separate 
the polymerization reaction mixture into a reaction- 
formed aqueous THF/catalyst phase and a reaction -formed 
THF organic phase containing PTMG, followed by recover- 
ing the THF organic phase containing PTMG; 

® distilling off a portion of THF in the recov- 
ered THF organic phase, to thereby obtain a PTMG con- 
centrate ; 

(D adding a saturated hydrocarbon having 5 to 10 
carbon atoms to the PTMG concentrate so that a catalyst 
phase (containing a portion of the heteropolyacid dis- 
solved in the PTMG concentrate) and an organic phase 
are formed, which are separated from each other by 
phase separation, and subsequently removing the cata- 
lyst phase; 

® subjecting the resultant organic phase to a 
treatment with an activated carbon and the like so as 
to remove the heteropolyacid dissolved in the organic 
phase by adsorption; 

® distilling off a portion of the monomer (THF) 
remaining in the organic phase so that a saturated hy- 
drocarbon phase and a PTMG phase are formed; and 
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® distilling off oligomers and residual organic 
solvents (such as THF and saturated hydrocarbon) from 
the obtained PTMG phase using a thin- film evaporator. 

Examples of saturated hydrocarbons used in the op- 
eration for adjusting the heteropolyacid content of the 
PTMG include cyclopentane, cyclohexane, cycloheptane, 
cyclooctane , cyclononane , cyclodecane , methylcyclo- 
pentane, methylcyclohexane, 2-ethylhexane, pentane, 
hexane, heptane, octane, nonane and decane. 

The PTMG used as the long-chain diol component (C) 
of the polyether ester elastomer of the present inven- 
tion can be a PTMG copolymer, i.e., a copolymer of THF 
with a monomer other than THF. Examples of the comono- 
mer to be copolymerized with THF include 3-methyl- 
tetrahydrofuran, 1 , 2-propylene oxide, 3-methyloxetane 
and the like. There is no particular limitation with 
respect to the content of comonomer units as long as 
the comonomer units cause no adverse effects on the 
properties of the final polyether ester elastomer, such 
as strength, elongation, low- temperature characteris- 
tics, flexure resistance, abrasive resistance, elastic 
recovery, moldability and surface texture. It is 
preferred that the content of the comonomer units be 
20 % by weight or less, more advantageously 10 % by 
weight or less, based on the weight of the long-chain 



diol component (C), 

In the present invention, the long-chain diol com- 
ponent (C) may further comprise a polyol other than 
PTMG. Examples of such polyols include 
poly ( ethyleneoxy) glycol , poly (propyleneoxy) glycol , 
poly(l, 2 -propyleneoxy) glycol, a block or random co- 
polymer of ethylene oxide and propylene oxide, a block 
or random copolymer of ethylene oxide and THF, and 
poly ( 2 -methyl -1,3 -propyleneoxy ) glycol . 

The amount of all PTMG units (that is, the amount 
of soft segment) contained in the polyether ester elas- 
tomer of the present invention is 10 to 90 % by weight, 
preferably 25 to 75 % by weight, based on the weight of 
the polyether ester elastomer. The preferred amount of 
the PTMG units may vary depending on the desired physi- 
cal properties of ultimate shaped articles. In the 
present invention, the amount of PTMG units is defined 
as the ratio of the weight of soft segment to the 
weight of polyether ester elastomer, wherein the weight 
of soft segment is determined by ^H-NMR. Therefore, 
this value is different from the weight ratio of the 
PTMG used to the total weight of the raw materials 
(that is, the total weight of components (A), (B) and 
(C)), 

In general, the hard segment of a polyether ester 
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elastomer is composed of short-ctiain esters. On the 
other hand, the soft segment of a polyether ester elas- 
tomer Is composed of long-chain esters, and the termi- 
nals of the polyether portions of the long-chain esters 
are linked to the dicarboxylic acids (forming the hard 
segment) via ester linkages, so that the soft segment 
and the hard segment are linked with each other. In 
the present invention, as a matter of convenience, the 
soft segment is defined as including the ester linkage 
at a terminal of the polyether portion thereof. Illus- 
tratively stated, for example, in the case of a poly- 
ether ester elastomer which is well known in the art, 
namely a polyether ester elastomer containing a hard 
segment composed of polybutylene terephthalate and a 
soft segment composed of polytetramethylene ether gly- 
col (polyoxytetramethylene glycol), the hard segment 
and the soft segment are represented by the following 
formulae ( 2 ) and ( 3 ) , respectively : 

hard segment: 

o o 

II II 

— CAC— OBO — (2) 

wherein A represents a divalent residue 
formed by removing carboxyl groups from a 



terephthalic acid, and B represents a diva- 
lent residue formed by removing terminal hy- 
droxyl groups from 1 , 4-butandlol; and 

soft segment: 

o o 

II II 

— CAC— ODO — (3) 

wherein A represents a divalent residue 
formed by removing carboxyl groups from a 
terephthalic acid, and D represents a diva- 
lent residue formed by removing terminal hy- 
droxyl groups from PTMG. 

The weight ratio of the hard segment to the soft 
segment can be measured accurately by ^H-NMR. When the 
content of the soft segment (typically PTMG) in the 
polyether ester elastomer is less than 10 % by weight, 
the softness of the polyether ester elastomer becomes 
unsatisfactory, and thus, such a polyether ester elas- 
tomer is likely to exhibit only unsatisfactory physical 
properties as an elastomer. On the other hand, when 
the content of the soft segment is more than 90 % by 
weight, although the polyether ester elastomer becomes 
very soft, the average chain length of the polymer in 
the hard segment becomes decreased and the cohesive 
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force of the hard segment becomes decreased. Such hard 
segment is Incapable of resisting the external force 
applied thereto, and causes the mechanical properties 
of the polyether ester elastomer to become markedly low. 
Such a polyether ester elastomer having low mechanical 
properties cannot be used as an elastomer material. In 
addition, the melting point of the polyether ester 
elastomer becomes disadvantageously low and, thus, the 
heat resistance of the polyether ester elastomer be- 
comes disadvantageously low. 

There is no particular limitation with respect to 
the method for producing the polyether ester elastomer 
of the present invention, and the conventional methods 
for producing a polyether ester elastomer can be em- 
ployed. Specifically, as examples of such methods, 
there can be mentioned a method which comprises sub- 
jecting a lower alcohol diester of a dicarboxylic acid, 
an excess amount of low molecular weight glycol and 
PTMG to a transesterification reaction in the presence 
of a catalyst to thereby obtain a reaction product and 
then, subjecting the obtained reaction product to a 
polycondensation reaction under reduced pressure; a 
method which comprises subjecting a dicarboxylic acid, 
a glycol and PTMG to an esterif ication reaction in the 
presence of a catalyst to thereby obtain a reaction 
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product and then, subjecting the obtained reaction pro- 
duct to a polycondensation reaction; and a method which 
comprises producing a short -chain polyester (such as 
polybutylene terephthalate) , adding PTMG to the pro- 
duced short -chain polyester, followed by addition of 
other dicarboxylic acids or other diols than used in 
the production of the short-chain polyester, or alter- 
natively, other polyesters than the short -chain polyes- 
ter, and subjecting the resultant mixture to a trans - 
esterification reaction to thereby obtain a random co- 
polymer . 

As mentioned above, in the production of the poly- 
ether ester elastomer of the present invention, the 
short-chain diol component (B) is preferably used in an 
amount of from 1.2 to 2.5, more preferably from 1.5 to 
2.2, per mol of the aromatic dicarboxylic acid compo- 
nent (A) . With respect to the amount of the long -chain 
diol component (C) used in the production of the poly- 
ether ester elastomer of the present invention, the 
long- chain diol component (C) is preferably used in an 
amount of from 0.0033 to 2.1 mol, more preferably 
0.0042 to 1.5 mol, most preferably 0.016 to 0.42 mol, 
per mol of the combination of the aromatic dicarboxylic 
acid component (A) and the short -chain diol component 
(B). 
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Preferred examples of catalysts used for producing 
a polyether ester elastomer, that is, the catalysts 
which can be used for both the transesterif ication or 
esterif ication reaction and the polycondensation reac- 
tion, include tetraalkyl titanates, such as tetra{iso- 
propyl) titanate and tetra(n-butyl) titanate; a reac- 
tion product of such a tetraalkyl titanate and an al- 
kylene glycol; a partially hydrolyzed product of a 
teraalkyl titanate; metal salts of titanium hexaalkox- 
ide; metal salts of titanium hexaalkoxide ; titanium 
carboxylates ; and titanium(Ti) -containing catalysts, 
such as a titanyl compound. In addition, catalysts 
other than mentioned above can also be used. Examples 
of other catalysts include monoalkyltin compounds, such 
as mono-n-butylmonohydroxytin oxide, mono -n-butyl tin 
triacetate, mono-n-butyltin monooctylate and mono-n- 
butyltin monoacetate; dialkyl{or diaryl)tin compounds, 
such as di-n-butyltin oxide, di-n-butyltin acetate, di- 
phenyltin oxide, diphenyltin diacetate and di-n- 
butyltin dioctylate; and metal catalysts or metal oxide 
catalysts of Mg, Pb, Zr, Zn, Sb and the like. These 
catalysts can be used individually or in a combination 
of two or more catalysts. Especially, when the above- 
mentioned catalysts are used individually, the use of 
tetraalkyltitanate or antimony trioxide is preferred. 



41 

and when the above-mentioned catalysts are used in com- 
bination, the combination of tetraalkyltltanate and 
magnesium acetate is preferred. 

With respect to the amount of the esterlf ication 
catalyst or polycondensatlon catalyst used, the cata- 
lyst is preferably added in an amount of from 0.005 to 
0.5 % by weight, more preferably from 0.03 to 0.2 % by 
weight, based on the weight of the polymer produced. 
After adding the catalyst at the start of the trans - 
esterlf ication or the esterlf ication reaction, an addi- 
tional catalyst may or may not be added during the 
polycondensatlon reaction. 

The polyether ester elastomer of the present in- 
vention may optionally contain a substance other than 
the aromatic dlcarboxylic acid component (A) , the 
short -chain dlol component (B) and the long -chain dlol 
component (C) as a comonomer. Specifically, the poly- 
ether ester elastomer may contain a comonomer, such as 
polycarboxyllc acids; polyf unctlonal hydroxy compounds; 
and oxyaclds, such as a-lactlc acid, y-hydroxyhydroxy 
valeric acid, tartaric acid and citric acid. Further, 
when a polyf unctlonal component is Incorporated into 
the polyether ester elastomer of the present Invention, 
such a polyf unctlonal component advantageously func- 
tions to Increase the viscosity of the polyether ester 
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elastomer. The content of such a polyfunctional compo- 
nent in the polyether ester elastomer of the present 
invention is 3 mol % or less. Examples of substances 
which can be used as the polyfunctional component in- 
clude trimellitic acid, trimesic acid, pyromellitic 
acid, benzophenonetetracarboxylic acid, butanetetracar- 
boxylic acid, glycerin, pentaerythritol, and esters and 
acid anhydrides thereof. 

In general, the molecular weight of a polyether 
ester elastomer is determined using the relative solu- 
tion viscosity (rij^el) specific viscosity ([r]]) as an 
index. In the present invention, the r\^Q± value of the 
polyether ester elastomer is determined by the follow- 
ing method. 0.5 g of a polyether ester elastomer is 
dissolved in 100 ml of o-chlorophenol , and the relative 
solution viscosity (tIj^qi) is measured at 25 ** C using a 
Fenske viscometer (manufactured and sold by Canon Inc., 
Japan), It has been found that the iirel value within 
the range of from 1.4 to 2.5 causes an advantageous in- 
fluence on the physical properties of a polyether ester 
elastomer. When the ri^^el value is less than 1.4, the 
mechanical properties of a polyether ester elastomer 
become poor due to a low molecular weight of the poly- 
ether ester elastomer, and the pelletization of such a 
polyether ester elastomer is difficult because the 
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strength of the strands discharged from the reactor is 
poor. On the other hand, when the 'r]rel value of a 
polyether ester elastomer is more than 2.5 , the melt 
viscosity of such a polyether ester elastomer becomes 
too high, so that the discharge of the polyether ester 
elastomer from the reactor is likely to become diffi- 
cult. Taking into consideration the balance between 
the mechanical properties of the polyether ester elas- 
tomer and the ease in discharge of the polyether ester 
elastomer from the reactor, the more preferred range of 
the rirel value is from 1.5 to 2.3. 

The polyether ester elastomer of the present in- 
vention may optionally contain an antioxidant. The an- 
tioxidant may be added at any time during or after the 
production of the elastomer, but it is preferred that 
the antioxidant be added to the reaction system prior 
to an operation where the PTMG is exposed to high tem- 
peratures. For example, it is preferred to add the an- 
tioxidant at the start of the polycondensation reaction. 
It is desired that an antioxidant which is added to the 
reaction system at such point in time prevents the oxi- 
dative deterioration of the PTMG without inhibiting the 
polycondensation reaction or adversely affecting the 
activity of the catalyst. Specific examples of such 
antioxidants include aliphatic, aromatic or alkyl- 



44 

substituted aromatic esters of phosphoric acid and 
phosphorous acid; hypophosphlte derivatives; phosphorus 
compounds, such as phenylphosphonlc acid, phenyl- 
phosphlnlc acid, dlphenylphosphonlc acid, poly- 
phosphonate, a dlalkylpentaerythrltol dlphosphlte and a 
dlalkylblsphenol A dlphosphlte; phenolic derivatives, 
especially hindered phenol compounds; sulfur-containing 
compounds, such as thloether-type compounds, dlthloacld 
salt-type compounds, mercaptobenz Imidazole -type com- 
pounds, thlocarbanillde-type compounds, and thlodlpro- 
plonlc acid ester; and tin-containing compounds, such 
as tin malate and dlbutyltln monooxlde. These com- 
pounds can be used Individually or In combination. The 
amount of antioxidant used Is preferably 0.01 to 2 
parts by weight, relative to ICQ parts by weight of the 
polyether ester elastomer. 

The polyether ester elastomer of the present In- 
vention may optionally contain various conventional ad- 
ditives depending on the intended use thereof. Speci- 
fic examples of additives Include fillers or reinforc- 
ing materials, such as kaolin, silica, mica, titanium 
dioxide, alumina, calcium carbonate, calcium silicate, 
a clay, kaolin, diatomaceous earth, asbestos, barium 
sulfate, aluminum sulfate, calcium sulfate, basic mag- 
nesium carbonate, molybdenum disulfide, graphite, glass 
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fibers and carbon fibers; lubricants or mold release 
agents, such as zinc stearate and bisamide stearate; 
dyes or pigments, such as carbon black, ultramarine, 
titanium oxide, zinc oxide, red oxide, Prussian blue, 
an azo pigment, a nitro pigment, a lake pigment and a 
phthalocyanine pigment; flame retardants, such as octa- 
bromodiphenyl and tetrabromobisphenol polycarbonate; 
hindered amine- type light stabilizers; UV light absorb- 
ers; foaming agents; thickening agents, such as an ep- 
oxy compound and an isocyanate compound; and silicone 
oils and silicone resins* These additives may be added 
to the polyether ester elastomer of the present inven- 
tion in an amount and by a method which are convention- 
ally used in the production of additive-containing 
polyether ester elastomers . 

The polyether ester elastomer of the present in- 
vention exhibits excellent low- temperature characteris- 
tics, flexure resistance, abrasive resistance, elastic 
recovery and the like which are the basic properties 
required for an elastomer. In addition, the polyether 
ester elastomer of the present invention contains a 
soft segment composed of the specific PTMG having not 
only a low viscosity, but also a high heat resistance. 
By virtue of the presence of such a soft segment, the 
polyether ester elastomer of the present invention ex- 
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hibits excellent properties, such as high mechanical 
strength and elongation, small permanent compression 
set, high softening temperature, excellent mold release 
characteristics in injection molding thereof, and no 
tack on the surface of the ultimate shaped articles, 
Such a balance of properties has not been conventional- 
ly achieved in the art. Therefore, it is expected that 
the application field of the polyether ester elastomer 
of the present invention as a thermoplastic elastomer 
will be extensive. 

The polyether ester elastomer of the present in- 
vention exhibits excellent heat resistance and has a 
heat stability sufficient for processing the elastomer; 
hence, it can be applied to various plastifying mold- 
ings. For example, the polyether ester elastomer can 
be easily shaped into various articles, such as a film, 
a sheet, a laminate film or sheet, a shaped molded ar- 
ticle, a tube, a pipe and a container by an injection 
molding, an extrusion molding, a spray molding and the 
like methods. The polyether ester elastomer of the 
present invention can be utilized for various purposes 
in a wide variety of fields. For example, if desired, 
the polyether ester elastomer can be used in the form 
of a solution thereof to produce an adhesive or a cast 
film, or can be used in the form of a powder to form a 



47 

coating. Further, the polyether ester elastomer can be 
used for producing foamed products, or can be used as a 
binder, and as an additive for other resins and rubbers. 

Illustratively stated, the polyether ester elasto- 
mer of the present invention can be used for producing 
automobile parts, such as even speed joint boots, a 
slide plate, a door latch, an air bag cover, a flexible 
joint, bellows. Rack & Pinion (R & P) boots and suspen- 
sion boots; materials and parts for electronic and 
electric equipment, such as a sound attenuation gear, a 
rubber switch, a cover for the antenna of a portable 
telephone, a tractor belt of a printer, a grip of a 
video camera, a sealing part for a VTR, a functional 
film sheet, a ball joint, a vibration absorbing damper 
for electronic parts, a roll for office automation ma- 
chines, such as a facsimile roll, and a vibration ab- 
sorbing damper for an HD drive and a CD, MD or VD 
player; industrial materials and civil engineering and 
construction materials, such as various cushioning ma- 
terials including a cushioning material for a road, a 
cushioning material for a bridge and a base- isolating 
material, modifiers, a hydraulic tube, a packing, a 
diaphragm, a pier protection material, a fender, a ca- 
ble liner, a fire hose, an inner lining for a gas pipe, 
a submersible pump, an antistatic sheet, a waterproof 
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sheet and a composite sheet; dally commodities and 
sports articles, such as sports shoes, a spring mid 
sole, a hair brush, parts for fasteners, a grip of a 
ball-point pen, a golf ball, a frame of sunglasses, a 
caster cushion, a mop joint, a belt for a bicycle, a 
soft comb of a drier, a pump, a cap, an emblem, a but- 
ton and an automobile band. 

In addition, the polyether ester elastomer of the 
present Invention can be used as modifiers for other 
polyester resins, polycarbonate resins, polyamide res- 
ins and the like. Especially, a polyether ester elas- 
tomer having a soft segment content of at least 50 % by 
weight can be advantageously used as such a modifier. 

In the fields related to automobiles, electricity, 
construction and civil engineering, there are very 
severe requirements with respect to the performances 
and durability of a polyether ester elastomer. For ex- 
ample, the Important characteristics of a polyether es- 
ter elastomer used in such fields are softness which is 
maintained at a wide temperature range (for example, 
-40 to 100 ^'O, hardness and brittleness which do not 
increase even at low temperatures, physical properties 
(such as weatherability) which are maintained for a 
long time, capability to maintain its appearance, and 
high safety (no harmful influence on humans and the en- 
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vironment). In addition, it is important that the 
polyether ester elastomer can be disposed without 
causing any serious problems. Thus, the polyether es- 
ter elastomer of the present invention is capable of 
satisfying various demands under the current situation 
where both the demand for and anxiety about the use of 
chemical products are increasing. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinbelow, the present invention will be de- 
scribed in more detail with reference to the following 
Reference Examples , Examples and Comparative Examples , 
but they should not be construed as limiting the scope 
of the present invention • 

Polyoxytetramethylene glycols (hereinafter, poly- 
oxytetramethylene glycol is frequently referred to as 
"PTMG") used in the Examples and the Comparative Exam- 
ples were synthesized in accordance with the following 
Reference Examples. 

Reference Example 1 

PTMG was produced using the production system 
shown in Fig . 1 . 

First, a heteropolyacid catalyst solution for use 
as a polymerization catalyst was produced as follows. 
A 2 -liter reaction vessel was prepared, which is 
provided with a 3-way cock having three respective ends, 
wherein each end has attached thereto a condenser and 
an eggplant type flask for collecting and storing a 
distillate produced by the condenser, so that the con- 
tents of the reaction vessel can be distilled. The 
thus prepared reaction vessel was used for producing a 
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heteropolyacid catalyst solution. 1 liter of tetrahy- 
drofuran (THP) and 600 g of silicotungstic acid dodeca- 
hydrate were introduced into the reaction vessel in 
this order, and stirred at 60 "C, while continuously 
removing an azeotropic vapor of water and THF from the 
reaction vessel. The specific gravity of a solution 
being formed in the reaction vessel was periodically 
measured while feeding THF to the reaction vessel every 
10 minutes so as to compensate for the total amount of 
water and THF removed from the reaction vessel. When 
the specific gravity of the solution became 2,07, the 
reaction was terminated to thereby obtain a catalyst 
solution having a specific gravity of 2.1, namely, a 
solution of a heteropolyacid catalyst in a THF /water 
mixture . 

Next, polyoxytetramethylene glycol was produced by 
the following operation. Reactor 2 having a capacity 
of 500 ml was equipped with stirrer 1 and a reflux con- 
denser. 180 ml of the above -obtained catalyst solution 
(CS) was charged into reactor 2 and 240 ml of THF 
(monomer) was added thereto to thereby obtain a reac- 
tion system comprised of a THF organic phase and an 
aqueous THF/ catalyst phase. The obtained reaction sys- 
tem was stirred at 60 * C while maintaining the motive 
power (P/V) applied to the liquid per unit volume of 
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the reactor at 1.95 kW/m^ and while feeding THF to re- 
actor 2 at a rate of 64 ml/hour, to thereby obtain a 
polymerization reaction mixture comprising a reaction- 
formed THF organic phase containing a polyoxytetra- 
methylene glycol and a react ion -formed aqueous 
THF/catalyst phase. The retention time (V/F) of THF in 
reactor 2 was 6.6 hours. During the reaction, water 
was fed to reactor 2 from water feeding tank 3 so as to 
maintain the specific gravity of the aqueous 
THF/catalyst phase at 2.07. A part of the polymeriza- 
tion reaction mixture was transferred into first, 
phase -separation vessel 4, thereby separating the reac- 
tion mixture into two phases, namely an upper reaction- 
formed THF organic phase containing a polyoxytetra- 
methylene glycol and a lower reaction- formed aqueous 
THF/catalyst phase. The upper phase was withdrawn from 
first, phase- separation vessel 4 at a rate which is the 
same as the rate of the feeding of THF, while the lower 
reaction-formed aqueous THF/catalyst phase (CP) was re- 
cycled to reactor 2 . 

The upper phase withdrawn from first, phase- 
separation vessel 4 (i.e., the reaction-formed THF or- 
ganic phase containing polyoxytetramethylene glycol) 
was fed into distillation vessel 5 for removing unre- 
acted THF. The THF concentration of the organic phase 
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was adjusted to 45 to 50 % by weight, thereby obtaining 
a polyoxytetramethylene glycol concentrate. 

The above-mentioned operation for obtaining a 
polyoxytetramethylene glycol was continuously performed 
for 50 hours, 100 g of the polyoxytetramethylene gly- 
col concentrate produced during the stable operation of 
the reactor was subjected to the following operations 
for adjusting the heteropolyacid content of the poly- 
oxytetramethylene glycol . 

100 g of the polyoxytetramethylene glycol concen- 
trate was fed into second, phase- separation vessel 6. 
120 g of n- octane (solvent, S) was added to second, 
phase -separation vessel 6 and stirred for 5 minutes at 
room temperature, thereby obtaining a mixture. The ob- 
tained mixture was allowed to stand still for approxi- 
mately 5 minutes, so that the mixture was separated in- 
to a lower aqueous THF /heteropolyacid catalyst phase 
(CP) and an upper organic phase. 200 g of the upper 
organic phase which is a solution containing polyoxy- 
tetramethylene glycol was placed in a 500 ml eggplant 
type flask which was warmed in a water bath maintained 
at 50 *C. Subsequently, the solution was applied to 
adsorption column 7 at a rate of 100 g/hour using a 
pump. Adsorption column 7 was a column packed with 1 
kg of an activated carbon (AC) and the column had an 
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outer jacket In which water heated to 45 C was circu- 
lated so as to maintain the inner temperature of ad- 
sorption column 7 at 40 **C or higher. 

An eluate (approximately 200 g) obtained from ad- 
sorption column 7 was placed in a 300 ml eggplant type 
flask heated in an oil bath maintained at 100 **C. The 
eggplant type flask was equipped with Oldershaw distil- 
lation column 8 (number of theoretical plates: 10). 
The eluate in the eggplant type flask was subjected to 
distillation under atmospheric pressure with stirring 
to thereby remove THF in the eluate. The residual so- 
lution in the flask was transferred to a 300 ml separa- 
tion funnel used as third, phase -separation vessel 9. 
In third, phase- separation vessel 9, the solution was 
allowed to separate into two phases, namely a phase 
containing polyoxytetramethylene glycol as a main com- 
ponent and a phase containing n-octane (S) as a main 
component. The lower phase (approximately 30 g) con- 
taining polyoxytetramethylene glycol was taken out from 
third, phase- separation vessel 9 and subjected to vac- 
uum distillation in vacuum distillation vessel 10 for 
20 minutes at 100 under a reduced pressure of not 
more than 0,1 Torr. Low-boiling point substances 
(LBPS), such as n-octane, THF and oligomers, were dis- 
tilled off to thereby obtain PTMG. The obtained PTMG 
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was approximately 23 g. 

The obtained PTMG had a number average molecular 
weight of 1,810, a molecular weight distribution 
(Mw/Mn) of 1.60, and a content of high molecular weight 
polyoxytetramethylene glycol molecules which are at 
least six times as large as the number average molecu- 
lar weight of all polyoxytetramethylene glycol mole- 
cules (hereinafter, simply referred to as "content of 
high molecular weight PTMG molecules") of 2,29 % by 
weight. These values were determined by gel permeation 
chromatography (GPC) under the conditions mentioned be- 
low. 

A chromatogram of the produced PTMG which shows 
the molecular weight distribution of the PTMG is shown 
in Fig. 2, In Fig. 2, the abscissa shows the logarithm 
(log) of the molecular weight; the ordinate shows the 
weight % of component PTMG molecule, based on the total 
weight of all PTMG molecules; and the intersection of 
the vertical straight broken line and the abscissa 
shows the logarithm of the number average molecular 
weight. The area of a hatched portion shows the amount 
of the PTMG molecules having molecular weights (Mw = 
10,860; log Mw = 4.04), which are at least six times as 
large as the number average molecular weight (Mn = 
1,810; log Mn = 3.26) of all PTMG molecules. The ratio 



of the area of the hatched portion to the total area of 
the peak Is 2.29 %. 

The heteropolyacid content of the obtained PTMG 
was determined by ICP-Mass spectrometry In terms of the 
tungsten content, and found to be 270 ppb by weight. 

In the present Invention, GPC and ICP-Mass spec- 
trometry were conducted under the following conditions . 

Conditions for GPC analysis 

GPC apparatus: Shodex GPC system- 11 (manufactured and 

sold by Showa Denko K.K., Japan) 
Column: Shodex OH pack (manufactured and sold by Showa 

Denko K. K. , Japan) : 

SB 806 M (2 columns) 

SB 802.5 (1 column) 
Detector: Differential ref ractometer 
Column temperature: 60 ^C 

Carrier (eluent): 0.02 mol/llter LlBr solution of 

dlmethylacetamlde 
Flow rate of carrier: 1.0 ml/mln 

Sample: 100 [xl of 0.8% PTMG solution in the carrier 
Molecular weight standards: PTMG, Mn = 547,000 (Mw/Mn 
= 1.35), Mn = 283,000 (Mw/Mn = 1.08), Mn = 99,000 
(Mw/Mn = 1.08), Mn = 67,000 (Mw/Mn = 1.04), Mn = 
35,500 (Mw/Mn = 1.06), Mn = 15,000 (Mw/Mn = 1.09), 
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Mn = 6,700 (Mw/Mn = 1.13), Mn = 2,170 (Mw/Mn = 1.12), 
Mn = 1,300 (Mw/Mn = 1.12), Mn = 650 (Mw/Mn = 1.18), 
and THF monomer. 

Conditions for ICP-Mass Spectrometry 

Approximately 5 g of a sample PTMG was heated in a 
quartz crucible to thereby calcine the sample PTMG. To 
the calcined PTMG was added 2 ml of 35 % hydrochloric 
acid solution. Then, the resultant mixture was heated 
to decompose the calcined PTMG. To the decomposed PTMG 
were added 0.1 ml of an aqueous 1 ppm indium (In) solu- 
tion as an Internal standard and water in an amount 
such that the final volume of the resultant solution 
becomes 25 ml, to thereby obtain a sample PTMG solution. 
The obtained sample PTMG solution was subjected to ICP- 
Mass spectrometry using PQQ-type ICP-MS (manufactured 
and sold by VG Elemental, England). The heteropolyacid 
content of PTMG was determined as the tungsten content 
of the PTMG using a calibration curve for tungsten. 

The calibration curve used for determining the 
tungsten content was prepared using standard tungsten 
solutions for preparing a calibration curve which con- 
tained tungsten in various concentrations (5 to 10,000 
ppb by weight). The standard tungsten solutions were 
prepared by adding 0.1 ml of an aqueous 1 ppm indium 
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(In) solution as an internal standard to each of tung- 
sten solutions (in 35 % hydrochloric acid solution) 
having various concentrations and adding water thereto 
so that the final volume of the resultant solution be- 
comes 25 ml. 

Reference Example 2 

PTMG was produced in substantially the same manner 
as in Reference Example 1, except that 80 ml of a phos- 
phomolybdic acid solution having a specific gravity of 
1.8 was used as a catalyst solution, the initial amount 
of THF charged in the reactor was 340 ml, the V/F value 
of THF in the reactor was 10 hours, and the P/V value 

was 2,3 kW/m^. 

The produced PTMG had a number average molecular 
weight of 970, a molecular weight distribution of 1.70, 
a content of high molecular weight PTMG molecules of 
4.35 % by weight, and a heteropolyacid content of 320 
ppb by weight. 

Reference Example 3 

PTMG was produced in substantially the same manner 
as in Reference Example 1, except that the rate of the 
feeding of THF was 21 ml/hr, and the V/F value of THF 
in the reactor was 20 hours. 
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The produced PTMG had a number average molecular 
weight of 2,360, a molecular weight distribution of 
1.70, a content of high molecular weight PTMG molecules 
of 4.20 % by weight, and a heteropolyacid content of 
180 ppb by weight. 

Reference Example 4 

PTMG was produced in substantially the same manner 
as in Reference Example 1, except that the P/V value of 
the reactor was 0.4 kW/m^. 

The produced PTMG had a number average molecular 
weight of 1,780, a molecular weight distribution of 
1.85, a content of high molecular weight PTMG molecules 
of 8.40 % by weight, and a heteropolyacid content of 
2 80 ppb by weight. 

In the following Examples and Comparative Examples, 
various properties of a polyether ester elastomer were 
evaluated and measured by the following methods. 

Unless otherwise specified, test specimens for 
evaluating and measuring the physical properties of a 
polyether ester elastomer were prepared by compression 
molding (clamping tonnage: 50 tons) the polyether ester 
elastomer by means of a hydraulic molding machine (T-3 
type hydraulic molding machine, manufactured and sold 
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by Toho Press Seisakujo, Japan) at a temperature which 
is 30 C higher than the melting temperature of the 
polyether ester elastomer. 

(1) Relative solution viscosity (rirel) 

0.5 g of a polyether ester elastomer was dissolved 
in 100 ml of o-chlorophenol (guaranteed reagent, manu- 
factured and sold by WAKO PURE CHEMICAL Industries Ltd., 
Japan) to thereby obtain a sample solution. Relative 
solution viscosity (tlrel) sample solution was 

measured at 25 **C using a Fenske viscometer (manufac- 
tured and sold by Canon Inc., Japan). 

(2) Melting temperature 

Approximately 10 mg of a polyether ester elastomer 
was subjected to differential scanning calorimetry by 
means of a differential scanning calorimeter (DSC-200, 
manufactured and sold by Seiko Instruments Inc., Japan) 
under conditions where the temperature was increased at 
a rate of 10 • C/min under a nitrogen atmosphere (10 
cc/min) , to thereby obtain a DSC chart showing a heat 
absorption peak of the polyether ester elastomer. The 
melting temperature of the polyether ester elastomer 
was obtained as the temperature at the peak top of the 
heat absorption peak. 



(3) Soft segment content 

The soft segment content of a polyether ester 
elastomer is the weight % of the soft segment contained 
in the polyether ester elastomer, based on the weight 
of the polyether ester elastomer. The soft segment 
content was determined by "^H-NMR conducted under the 
conditions summarized in Table 1 below, A 10 % solu- 
tion of a polyether ester elastomer (in a mixed solvent 
of heavy chloroform (CDCI3) and trif luoroacetic acid 
(TFA) (CDCl3:TFA weight ratio = 2:1)) was used as a 
sample for NMR analysis. 



Table 1 



Conditions for NMR 


Apparatus 


AC200 FT-NMR (200 MHz) 
(manufactured and sold by Bruker Instru- 
ment s , Germany ) 


Target nucleus 


iH 


Frequency 


2,000 Hz 


Integration 


50 times 


Pulse 


9.8 |xs (45*' ) 


Temperature 


25*0 


Concent rat ion 
of a sample 


10% 

(A mixed solvent of a heavy chloroform 
(CDCI3) and trif luoroacetic acid (TFA) 
(CDCl3:TFA weight ratio = 2:1) was used as 

a solvent . ) 
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(4) Tensile strength at break and elongation at break 
Tensile strength at break and elongation at break 

were measured In accordance with JIS K6301 (using a 
dumbbell No. 3 prescribed therein) at 25 *'C. 

(5) Hardness 

Shore 'D' hardness was measured In accordance with 
ASTM D2240. 

(6) 10 % Modulus 

A test specimen having a length of 20 mm, width of 
3 mm, and a thickness of 2 mm was prepared. 10 % modu- 
lus of the test specimen was measured at -25 **C at a 
head speed of 20 mm/mln. 

( 7 ) Elastic recovery 

A test specimen having a length of 20 mm, a width 
of 3 mm, and a thickness of 2 mm was prepared. The 
test specimen was stretched at -25 ° C at a head speed 
of 20 mm/mln until the length of the specimen became 
200 % of the original length. The stretched specimen 
was held under tension at the same temperature for 5 
minutes and then released from tension. 1 minute after 
the release from tension, the degree of elongation of 
the specimen was measured. The elastic recovery was 
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calculated from the degree of elongation, 

(8) Mold release characteristics 

Using an injection molding machine (IS-80CN, manu- 
factured and sold by Toshiba Machines Co., Ltd., Japan), 
test specimens (130 mm x 11 mm x 2 mm) were prepared by 
injection molding under the following conditions: an 
injection molding temperature of 190 to 210 **C, an in- 
jection pressure of 50 to 60 kg/cm^ and a mold tempera- 
ture of 60 'C. The mold release characteristics of the 
test specimens were evaluated, based on the following 
criteria. 

©: A test specimen falls by itself from the mold 
under the action of an ejection pin. 

O: A test specimen does not fall by itself from 
the mold under the action of an ejection pin, 
but can be easily released from the mold by 
hand. 

A: A test specimen sticks to the mold and is dif- 
ficult to remove from the mold even by hand. 

X : A test specimen strongly sticks to the mold 
and the specimen is distorted when it is 
ejected from the mold. 

(9) Dunlop impact resilience 
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Dunlop impact resilience was measured in accor- 
dance with BS 903 at room temperature. 

(10) Permanent compression set 

Permanent compression set was measured in accor- 
dance with JIS K6301 at room temperature for 22 hours 
or 70 *C for 22 hours. 

(11) Vicat softening temperature 

Vicat softening temperature was measured in accor- 
dance with JIS K7206 under a load of 1 kg and while 
elevating the temperature at a rate of 50 *C/hr. The 
Vicat softening temperature was obtained as a tempera- 
ture where a flat-ended needle penetrated into the test 
specimen to a depth of 1 mm. 

(12) Taber abrasion 

Taber abrasion was measured in accordance with JIS 
K7311 using an H-18 ring under a load of 1 kg. The 
Taber abrasion was obtained as an amount of abrasion 
(mg) of the polyether ester elastomer after rotating 
the test specimen 1^000 times. 

(13) de Mattia flexure 

de Mattia flexure was measured in accordance with 
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JIS K6301. Specifically, a crack having a size of 2 ram 
was formed on the test specimen and the resultant test 
specimen was flexed 100,000 times at room temperature, 
de Mattia flexure was obtained as the size of the crack 
after flexure. 

(14) Surface tack 

Tack on the surface of the injection molded arti- 
cles was evaluated by touching with fingers - Specifi- 
cally, test specimens were touched by 20 people, and 
the surface tack of the specimen was evaluated, based 
on the number of people who said that the specimen was 
tacky. Following are the criteria for the evaluation. 

O: Not more than 5 people recognizes that the 
specimen was tacky. 

A: 6 to 15 people recognizes that the specimen 
was tacky - 

X : 16 or more people recognizes that the specimen 
was tacky. 

(15) Heat resistance 

The tensile strength at break and elongation at 
break of a test specimen were measured in the same man- 
ner as in item (4) above. The test specimen was held 
at 110*^0 for 500 hours, and then, the tensile strength 



at break and elongation at break of the test specimen 
were measured again. The retention of strength and the 
retention of elongation were calculated, based on the 
differences in the tensile strength at break and the 
elongation at break between measurements conducted be- 
fore and after holding the test specimen at 110* C. 

With respect to the change in the appearance of 
the test specimen, the discoloration caused by holding 
the test specimen under the above-mentioned high tem- 
perature condition was evaluated by visual observation. 

Example 1 

To a 1- liter reactor for condensation reaction 
were charged 91 g of dimethyl terephthalate (guaranteed 
reagent, manufactured and sold by WAKO PURE CHEMICAL 
Industries Ltd., Japan), 102 g of 1 , 4-butanediol (guar- 
anteed reagent, manufactured and sold by WAKO PURE 
CHEMICAL Industries Ltd., Japan), 130 g of PTMG pro- 
duced in accordance with Reference Example 1, and 1.0 g 
of Irganox 1010 (manufactured and sold by CIBA-GEIGY, 
Switzerland) . After purging the reactor with nitrogen 
gas, the reactor was heated to 200 ** C under a nitrogen 
atmosphere. 0.1 g of tetraisopropyl titanate (extra 
pure reagent, manufactured and sold by Tokyo Kasei Ko- 
gyo Co., Ltd., Japan) was added to the reactor. The 



temperature of the reactor was maintained at 200 C for 
30 minutes and, then, the temperature was elevated to 
2.30 • C and a transesterif ication reaction was performed 
for 2.5 hours. The amount of methanol distilled from 
the reactor was 95 % of the theoretical value. 

Subsequently, the temperature of the reactor was 
elevated to 250 *C and the internal pressure was re- 
duced to 0.5 mmHg over 30 minutes. Then, a condensa- 
tion reaction was performed for 2.5 hours. As a result, 
a transparent and viscous polyether ester elastomer was 
obtained. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Example 2 

A polyether ester elastomer was produced in sub- 
stantially the same manner as in Example 1, except that 
91 g of dimethyl terephthalate , 102 g of 1, 4-butanediol 
and 180 g of PTMG produced in accordance with Reference 
Example 1 were charged into the reactor. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
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shown in Table 2. 
Example 3 

A polyether ester elastomer was produced in sub- 
stantially the same manner as in Example 1, except that 
91 g of dimethyl terephthalate, 102 g of 1 , 4-butanediol 
and 230 g of PTMG were charged into the reactor. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Example 4 

A polyether ester elastomer was produced in sub- 
stantially the same manner as in Example 1, except that 
PTMG produced in accordance with Reference Example 2 
was used. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Example 5 

A polyether ester elastomer was produced in sub- 
stantially the same manner as Example 1, except that 
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PTMG produced in accordance with Reference Example 3 
was used. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Example 6 

A polyether ester elastomer was produced in sub- 
stantially the same manner as in Example 1, except that 
PTMG produced in accordance with Reference Example 4 
was used. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Comparative Example 1 

A polyether ester elastomer was produced in sub- 
stantially the same manner as in Example 1, except that 
a part of the PTMG concentrate obtained from distilla- 
tion column 5 in Reference Example 1 was used as PTMG. 
The PTMG used had a number average molecular weight of 
1,950, a molecular weight distribution of 1.65, a con- 
tent of high molecular weight PTMG molecules of 2.4 % 
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by weight, and a heteropolyacid content of 1,500 ppb. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Comparative Example 2 

A polyether ester elastomer was produced in sub- 
stantially the same manner as in Example 1, except that 
230 g of PTMG used in Comparative Example 1, 91 g of 
dimethyl terephthalate and 102 g of 1 , 4-butanediol were 
used. 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2. 

Comparative Example 3 

A polyether ester elastomer was produced in sub- 
stantially the same manner as Example 1, except that 
130 g of a conventional polyoxytetramethylene glycol 
(PTG-1800) (manufactured and sold by Hodogaya Chemical 
Co., Ltd., Japan), 91 g of dimethyl terephthalate and 
102 g of 1,4-butanediol were used. The PTMG used had a 
number average molecular weight of 1,897, a molecular 



weight distribution of 2.54, a content of high molecu- 
lar weight PTMG molecules of 13 ,39 % by weight, and a 
heteropolyacid content of 0 ppb. These values were de- 
termined in accordance with the above-mentioned methods . 

Various properties of the obtained polyether ester 
elastomer were evaluated in accordance with the methods 
mentioned above. The results of the evaluations are 
shown in Table 2 . 
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H 


Melting temperature 
(^C) 


Content of soft 
segment (wt%) 


Tensile strength 
(kg-f/cm2) 


Elongation at 
break (%) 


Shore 'D' hardness 


10% modulus 
(kg-f/cm2) 


Elastic recovery 
(%) 


Mold release characteristics 


Dunlop impact resilience (%) 


Room temp. 


o 

o 


Vicat softening temperature {''C) 


Taber abrasion (mg) 


de Mattia flexure (mm) 


Surface tackiness 


Retention of 
strength (%) 


Retention of 
elongation (%) 


Change in 
appearance 


Permanent com 
press ion set (%) 


Heat 

resistance 
(110'' C, 
500 hrs.) 


Characteris- 
tics of an 
elastomer 


Mechanical 
properties 


Low-tempera- 
ture (-25''C) 
characteris- 
tics 
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As apparent from the results shown In Table 2 
above, the polyether ester elastomers of the present 
invention which were produced in the Examples using the 
specific PTMG's (each satisfying the requirements of 
the present invention) exhibit improved physical prop- 
erties, as compared to the polyether ester elastomers 
produced in the Comparative Examples using PTMG's which 
do not satisfy the requirements of the present inven- 
tion. Especially, the polyether ester elastomers of 
the Comparative Examples had low retention of strength 
and low retention of elongation (that is, the elasto- 
mers had poor heat resistance) , as compared to those of 
the polyether ester elastomer of the present invention. 
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INDUSTRIAL APPLICABILITY 
The polyether ester elastomer of the present in- 
vention not only is improved with respect to the basic 
properties required for an elastomer, such as excellent 
low- temperature characteristics, flexure resistance, 
abrasive resistance and elastic recovery, but also has 
other excellent properties, such as high mechanical 
strength and elongation, small permanent compression 
set, high softening temperature, excellent mold release 
characteristics during injection molding thereof, and 
no tack on the surface of the ultimate shaped articles. 
Such properties have not been conventionally achieved 
in the art. Therefore, the polyether ester elastomer 
of the present invention can be advantageously used for 
automobile parts (especially parts used around an en- 
gine and parts used for the interior of an automobile), 
a tube, a hose, a gear, industrial materials, such as a 
covering material for an electric cable, and an impact 
resistance modifier for polyester resins and polycar- 
bonate resins • 



CLAIMS 



1 . A polyether ester elastomer comprising a copolymer 
of: 

(A) at least one aromatic dicarboxylic acid or an 
ester-forming derivative thereof; 

(B) at least one diol selected from the group 
consisting of an aliphatic diol and an alicyclic diol, 
each having 2 to 10 carbons; and 

(C) a polyoxytetramethylene glycol (PTMG), 
wherein said polyether ester elastomer contains 

PTMG units in an amount of from 10 to 90 % by weight, 
based on the weight of said polyether ester elastomer, 

said PTMG having the following characteristics (1) 
to (4): 

(1) a number average molecular weight of from 500 
to 4000; 

(2) a molecular weight distribution of 2.0 or less 
in terms of the Mw/Mn ratio, wherein Mw represents the 
weight average molecular weight of PTMG and Mn repre- 
sents the number average molecular weight of PTMG; 

(3) a content of high molecular weight PTMG mo- 
lecules of 10 % by weight or less, based on the total 
weight of all PTMG molecules^ wherein said high molecu- 
lar weight PTMG molecules are defined as PTMG molecules 



having molecular weights which are at least six times 
as large as the number average molecular weight of all 
PTMG molecules; and 

(4) a heteropolyacid content of from 10 to 900 ppb 
by weight. 

2. The polyether ester elastomer according to claim 1, 
wherein the number average molecular weight of said 
PTMG is 700 to 3000. 

3. The polyether ester elastomer according to claim 1, 
wherein the molecular weight distribution of said PTMG 
is not more than 1.75. 

4. The polyether ester elastomer according to claim 1, 
wherein the content of high molecular weight PTMG mo- 
lecules is 2 to 5 % by weight. 

5. The polyether ester elastomer according to claim 1, 
wherein the heteropolyacid content of said PTMG is 10 
to 500 ppb by weight. 
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ABSTRACT 

Disclosed is a polyether ester elastomer compris- 
ing a copolymer of (A) at least one aromatic dicarbox- 
ylic acid or an ester-forming derivative thereof; (B) 
at least one diol selected from the group consisting of 
an aliphatic diol and an alicyclic diol, each having 2 
to 10 carbons; and (C) a polyoxytetramethylene glycol 
(PTMG) having a number average molecular weight of from 
500 to 4000, a molecular weight distribution (Mw/Mn) of 
2.0 or less, a content of high molecular weight PTMG 
molecules of 10 % by weight or less, and a heteropoly- 
acid content of from 10 to 900 ppb by weight, wherein 
the polyether ester elastomer contains PTMG units in an 
amount of from 10 to 90 % by weight, based on the 
weight of the polyether ester elastomer. 
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